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Preface

TriStation 1131™ Developer’s Workbench is a software application for developing, testing, and
documenting safety-critical and process-control applications that execute on Triconex controllers.

New Features in TriStation 1131 v4.1

The following are new features in TriStation 1131 version 4.1:

Note

MS Windows 2000 and Windows XP compatible.

Support for new Analog Input and Digital Output (Next Generation I0) modules.
Support for the Tricon Communication Module (TCM).

Backup project file is automatically saved after a Download All or Download Changes.

New feature — Restore Project To Last Download —allows the file which was saved
after the download to be restored as the project file.

Write to File feature for intermediate ST code.

For more detailed information about the changes made in each TriStation 1131 v4.1
release, see the Product Release Notice for TriStation v4.x, available on Triconex
CustomerNet.

Summary of Sections

Chapter 1, Project Administration — Explains how to install the TriStation 1131
software, create a project, set up security, and use libraries of functions and function
blocks.

Chapter 2, Application Development— Explains how to develop an application.

Chapter 3, Controller Configuration — Explains how to configure modules used in the
installation.

Chapter 4, TriStation 1131 Communication — Explains how to set up communication
between a TriStation 1131 PC and Triconex controller.

Chapter 5, Implementation — Explains how to implement an application on a controller.

Appendix A, Commands and Properties — Describes TriStation 1131 commands,
properties, and tools.

Appendix B, Data Types—Describes data types included with the TriStation 1131
software.

Appendix C, TCM Model 4351/4352 Configuration — Explains how to configure the
older model 4351 or 4352 Tricon Communication Module.
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Preface

Related Documents

*  SOE Recorder User’s Guide

» TriStation 1131 Libraries Reference

*  Enhanced Diagnostic Monitor User’s Guide

*  Tricon and Trident Safety Considerations Guides
»  Communication Guide for Tricon v9-v10 Systems

*  Product Release Notices for specific Tricon and TriStation versions

Product and Training Information

To obtain information about Triconex products and in-house and on-site training, see the
Triconex Web site or contact your regional customer center.

Web Site

http:/ /www.triconex.com

Technical Support

Customers in the U.S. and Canada can obtain technical support from the Customer Satisfaction
Center (CSC) at the numbers below. International customers should contact their regional
support center.

Requests for support are prioritized as follows:

* Emergency requests are given the highest priority

* Requests from participants in the System Watch Agreement (SWA) and customers with
purchase order or charge card authorization are given next priority

* All other requests are handled on a time-available basis

If you require emergency or immediate response and are not an SWA participant, you may
incur a charge. Please have a purchase order or credit card available for billing.

Telephone

Toll-free number 866-746-6477, or
Toll number 508-549-2424 (outside U.S.)

Fax
Toll number 508-549-4999

Web Site

http:/ /customernet.triconex.com (registration required)
E-mail

ips.csc@ips.invensys.com
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Preface xv

We Welcome Your Comments

To help us improve future versions of Triconex documentation, we want to know about any
corrections, clarifications, or further information you would find useful. When you contact us,
please include the following information:

The title and version of the guide you are referring to

A brief description of the content you are referring to (for example, step-by-step
instructions that are incorrect, information that requires clarification or more details,
missing information that you would find helpful)

Your suggestions for correcting or improving the documentation
The version of the Triconex hardware or software you are using

Your name, company name, job title, phone number, and e-mail address

Send e-mail to us at:

triconextechpubs@ips.invensys.com

Please keep in mind that this e-mail address is only for documentation feedback. If you have a
technical problem or question, please contact the Customer Satisfaction Center. See Technical
Support on page xiv for contact information.

Or, you can write to us at:

Attn: Technical Publications
Triconex

15345 Barranca Parkway
Irvine, CA 92618

Thank you for your feedback.
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2 Chapter 1 Project Administration

This figure shows a typical project cycle and the main steps for setting up a TriStation 1131
project.
- Install TriStation 1131 software
- Create or open a project
Set Up the Project) - Set project options
- Set TriStation 1131 options
- Configure user access
Develop the
Application
Test with the
Emulator
Fix Errors
Yes
Errors?
No

Configure the
Controller

Set Up TriStation
Communication

y

Implement on
the Controller
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Project Administration Steps

3

Project Administration Steps

This list includes steps that can be or should be done during project administration.

Steps

See

O d o a a

Install the TriStation1131 software
(if needed)

Create or open an existing project.

Specify the language to be used as a default.
Specify whether annotations are
automatically included.

Specify monitor colors for displaying
variables in the emulator and controller.
Specify options to be used when you use

TriStation 1131.
Specify FBD, LD, and CEM Editor options,

as needed. (Optional)

Configure user access.

Add libraries from other projects. (Optional)

View standard reports; add custom reports.

* TriStation 1131 Installation on page 4

* Project Creation on page 14

* Specifying Language Options on page 17
* Specifying Annotation Options on page 18

* Specifying Monitor Colors for BOOL Values
on page 20

¢ TriStation 1131 Options on page 21

* Specifying FBD Editor Options on page 24
* Specifying LD Editor Options on page 25

* Specifying CEM Editor Options on page 26
* User Access on page 27

* Adding Libraries on page 38

* Reports on page 41
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4 Chapter 1 Project Administration

TriStation 1131 Installation

This section explains how to install and uninstall the TriStation 1131 software, and how to verify
that the software is correctly installed. The installation also installs the TS1131 Install Check
software.

Topics include:

System Requirements on page 4

Upgrading from Previous Versions of TriStation 1131 on page 4
Installing the TriStation 1131 Software on page 5

Uninstalling the TriStation 1131 Software on page 6

Verifying the TriStation 1131 Installation on page 6

System Requirements

The following are the minimum system requirements for TriStation 1131:

PC running Windows 2000 or XP

Pentium 233 MHz with 128 MB RAM

125 MB free hard drive space

CD-ROM drive

Network adapter card

SVGA monitor running at 1024 x 768 resolution with 64,000 colors

DLC protocol installed (see Installing DLC or TCP/IP Protocol on a TriStation PC on
page 243)

Upgrading from Previous Versions of TriStation 1131

If you are upgrading from a previous version of TriStation 1131, please note the following;:

If you have previously installed version 2.x or 3.x of the TriStation 1131 software, you
do not need to uninstall it before installing version 4.1.

If you have previously installed version 4.1.x of the TriStation 1131 software, you do
not need to uninstall it before installing a later version of 4.1.x. For example, if you have
version 4.1.419 installed, you do not need to uninstall it before you install version
4.1.420 or later.

If you have previously installed version 4.0 of the TriStation 1131 software, you do not
need to uninstall it before you install version 4.1. You may wish to keep both versions
of the TriStation software installed on your workstation until you have finished
converting all your projects to version 4.1 (see Converting Existing Projects to Version
4.1 on page 11).
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TriStation 1131 Installation 5

However, uninstalling version 4.0 after you have installed version 4.1 will cause
version 4.1 to no longer work. To correct this, simply uninstall both 4.0 and 4.1 and then
reinstall version 4.1.

Additionally, if you installed other Triconex applications (such as SOE Recorder) after
you installed TriStation version 4.0, uninstalling version 4.0 may cause other installed
Triconex applications to no longer work. To correct this, simply uninstall and then
reinstall the other Triconex applications after you uninstall TriStation version 4.0.

Installing the TriStation 1131 Software

This procedure explains how to install the TriStation 1131 software. The setup program
provided by Triconex installs all the components of the TriStation 1131 Developer’s Workbench
on your PC. If you purchased the optional CEMPLE software, it is installed at the same time.

Note

If you are installing the TriStation 1131 software on a Windows XP workstation, you
must also install the DLC protocol. Without this protocol installed, you will be unable to
open a new or existing project in TriStation. See Installing DLC on Windows XP on
page 244 for detailed instructions.

The TriStation 1131 software must be installed on a local drive. Do NOT install and run
TriStation 1131 on a network server.

Procedure
1 Logon as an administrator or as a user with administrator privileges.
2 Close all open applications.
3 Insert the TriStation 1131 CD in the CD-ROM drive.
If the installation starts automatically, go to step 8. Otherwise, go to the next step.
4 From the Start menu, click Settings, and then click Control Panel.
5 Double-click Add New Programs.
6 Click the CD or Floppy button, and then browse to locate the setup.exe file on the CD.
7 Double-click setup.exe to start the installation.
8 Follow the InstallShield Wizard instructions.

10

Triconex recommends installing the TriStation 1131 software in the default destination
folder, which is: C:\Program Files\Triconex\TriStation 1131 4.1.

To restart your PC after the installation has finished, click Yes. You are not required to
restart your PC before running the TriStation 1131 software.

To complete the installation, click Finish.
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Uninstalling the TriStation 1131 Software

This procedure explains how to uninstall the TriStation 1131 software.

Procedure
1 Log on as an administrator or as a user with administrator privileges.
2 From the Start menu, click Settings, and then click Control Panel.
3 Double-click Add/Remove Programs, and select TriStation 1131 4.1.
4 C(Click Change/Remove.

Follow the on-screen instructions to confirm the deletion of the selected application and
all its components.

Note If you saved projects in the default directory, (C: \Program
Files\Triconex\TriStation 1131 4.1), the uninstall program does not
remove them.

5 Click Yesor Yes to All if the Remove Shared File dialog box asks about removing unused
DLLs.

6 Click Finish to complete the uninstallation process.

Verifying the TriStation 1131 Installation

This procedure explains how to verify the TriStation 1131 software is correctly installed and that
associated files are not corrupted.

After installing the software and before downloading an application to the controller, you
should run the TriStation 1131 Install Check program. The Install Check software is copied to
your hard drive when you install the TriStation 1131 software.

Note Running TS1131 Install Check is required for safety applications. For more information,
see the Safety Considerations Guide.

Procedure

1 From the Start menu, select Programs, Triconex, and then Install Check 4.1.
2 Click Run.

Install Check verifies that all TriStation files are correctly installed. When verification is
complete, the name, version, and status of each file are displayed in the list.
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E Triconex Install Check - TriStation 1131

Click 'Bun' button to venfy 'TnStation 1137 installation.
Click 'Dizplay Details' buttaon o dizplay the results.

File: M ame Yersion Status *~
Programsstrl ewnd 0 dll 414300 ak.
Programs4DiagTrl10.dl 414300 ak.

Programsstrl pimd40.dil 414320 ak.

Programs4T cxlliag. exe MISSING

Programsstrl buedlg. DLL 414340 ak.

Programs4T51137 exe 414340 ak.

Datahts113 mags.mag n'a ak.

DataTC=LIBLT2 n'a 0k

DatatSTOLIB.LTZ2 n'a 0k =
Datat5TDSHEET LT2 n'a 0k
DatatTR1HWDEF HWwD n'a 0k b’
< | [*

Dizplay Details Run | Cloze ‘

3 Verify that the program is validated by viewing each item in the list.

The status of each file should be “OK”. If there are files that have “Missing” in the Status
column, you should re-install TriStation 1131.

4 Click Display Details to view the full path for verified files and expanded error messages
for any identified problems.

I Details - Notepad
File Edit Format View Help

W ALIDATED™™ ~

C:APrograrm Files\Triconex\TriStation 1131 4. 15\Programsite pirmd0. dil
Y ALIDATED™

CAProgram Files\Triconex\TriStation 1131 4. 1\ProgramshToxDiag. exe
ERROR: MISSING

CAProgram FilesiTriconex\TriStation 1131 4. 1\Programsttr hwdlg DLL
Y ALIDATED™

C:AProgram FilestTriconex\TriStation 1131 4. 1%ProgramstT31131 exe
T ALIDATED™

C:AProgram Files\Triconex\TriStation 1131 4. 1\Datatts1131msgs. msg
T ALIDATED™

C:AProgram FilestTriconex\TriStation 1131 4 1\DatahTCHLIB.LT2
W ALIDATED™

C:AProgram FilestTriconex\TriStation 1131 4. 1\DatabSTOLIB.LT2
W ALIDATED™
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TriStation 1131 Projects

This section provides an overview of TriStation 1131 projects and related information.
Topics include:

* The Project Workspace on page 8
* Displaying Version Numbers of Projects and Documents on page 9
* Converting Existing Projects to Version 4.1 on page 11

* Adding Audit Comments on page 13

The Project Workspace

The Project Workspace includes the Reports folder. Other project features are accessed from the
menus.

----- Hardware Module Configuration
----- Library Documents

----- Program % ariable Lizting

----- Project History by Element
----- Project History by Time

----- Project Implementation

----- Project Memorny Allocation
----- Project Security Levels

----- Project Users

----- Tagnames: Complete Listing
----- Tagnames: Modbus Aliases
----- T agnames: where Jzed

----- |Jzer Documents

mrd ﬂ.pplicatinnl (M Controller {13 PfUiECtl
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Displaying Version Numbers of Projects and Documents

This procedure explains what version numbers are and how they can be viewed. Version
numbers are used with the project under development (current version), the downloaded
application (downloaded version), and project elements. Version numbers include a major
(first) and minor (second) number, separated by a period.

Procedure for Projects

1 On the Project menu, click Project Description.

—

Project Description, - EXTUY

Project

Filename; My DocumentshTriconexhTriStation 1137 4.1%Projects\Extuy. pt2

Drezcription: |
Current Yersion: 5.0 14472003 11:57:33 4M
Dowloaded Version: 4.0 84302000 7:04:23 PM
Cantraller
Tricon

(] 4 | Cancel | Help |

2 View these properties in the Project Description dialog box.

Property Action
Current Version Displays the version of the project which is under development.
Downloaded Version Displays the version of the project (application) which is

downloaded to the controller.

3 Click OK to close the dialog box.
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Procedure for Documents

1 Expand the Application Workspace (see The Application Workspace on page 54), and
right-click a document.

2 From the shortcut menu that appears, select Properties.

The Document Properties dialog box appears.

r i
Document Properties §|

Sumrmary ] Altributes ] lsage ]

MName: Ex02_CRITICAL_IO - +1.6
Internal 1I0:;  0w00000723

Owned By:  Manager Change Owner

Created: T418/20005:33:14 PM
Modified:  10/18/2000 3:02:15 P
Cormpiled:  5/28/2003 9:10:36 AM
Categarny: ]

Description: [ fety Critical 10 Modules

Can be used in Safety or Contral applications.

Document Access
" Read * Readfwiite ( Lock

0K | Cancel | Help |

3 View this property on the Summary tab.

Property Action

Name Displays the version of the document at the end of the name.

For example, if the document name is displayed as LightEmUp -
v1.26, the version number is 1.26.

4 C(Click OK to close the dialog box.
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Converting Existing Projects to Version 4.1

This procedure explains how an existing TriStation 1131 project can be automatically converted
to version 4.1. Any project created with version 2.x through 3.x can be converted to version 4.1.

Projects created with version 4.0.x can be opened in version 4.1, but once they have been opened
in v4.1 they can no longer be opened with an earlier version of TriStation 1131.

The programming model for TriStation 4.0 and later is significantly different from versions 3.x

and earlier. The most significant differences are:

There are no program instances

Programs can directly reference tagnames

Programs cannot use VAR_INPUT, VAR_OUTPUT, or VAR_IN_OUT variables

Procedure for Version 4.0.x Projects

1

Procedure for Version 2.x or 3.x Projects

1

Open the TriStation 1131 project to be
converted.

When prompted, click Yes to continue
the conversion or No to cancel.

Open the TriStation 1131 project to be
converted.

When prompted, click Yes to continue
the conversion or No to cancel. To get
information about what is converted,
click Help.

If you clicked Yes, you mustlog in to the
project as a Level 01 user.

After you log in, the project is opened
and a backup is made using this naming
convention: <project
name>_<version>_Pre40Cnv.bt2.

=

TriStation 1131: QUERY

~
2

The project file waz last zaved with TriStation 1131,
wd [0.381.0. Continue to open the praject using
TrStation 1131, +»4.1.434.07

@

TriStation; 1131: QUERY

~
2

Thig project was created prior to TnStation 4.0,
TriStation 1131 will corvert the project to the new
programming model. Would you ke to continue?

Select ez’ to continue with the conversion.

Select ‘Mo’ to cloge the project without modification,
Select 'Help' far information about the canversion
process.

After completing the conversion, you must perform a Download All (see Using the

Download All Command on page 316).
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12 Chapter 1 Project Administration

The following table identifies the changes made during a version 2.x or 3.x project conversion.

Table 1 Changes Made During Version 2.x or 3.x Project Conversion

Item Description

Application Snapshot ~ The conversion removes the snapshot of the application which was saved
during the last download. This means you will not be able to compare the
current version of the project to the previously downloaded version of the
project until after the first download.

Application State The state of the application is changed to Download All.
Multiple Program If there are multiple instances of a program, each instance is converted to a
Instances new program document. The name of each new document is generated by

appending _# to the program name, where # is a consecutive number
starting at 1. For example, if there were two instances of program
TankAlarm, the first instance is named TankAlarm_1, and the second is
named TankAlarm_2.

Naming Conflicts If renaming a program input or output results in a name conflict with a local
variable, the name of the local variable is appended with ?Dup? and a
message is written to the message output view.

You must rename the local variable before compiling the program.

Trident System If a tagname references a Trident system variable, the variable name is
Variables appended with ?Sys? and a message is written to the message output view.

You must change the names and change the Point Type to memory. One
way to do this is to replace the dot (period) in the name with an underscore
and then delete the ?Sys? from the end of the name.

You must also use the system status function blocks (SYS_¥) to set the value
of these variables. The best place to do this is in the first network in your
program. The reason this must be done is that in this version of TriStation
1131, Trident system status values are only accessible by using the system
status function blocks.

Variable Changes In FBD, LD, and CEM programs, input and output variable declarations are
changed to tagname declarations.

In ST programs, all VAR_INPUT, VAR_OUTPUT, and VAR_IN_OUT
declarations are changed to VAR_EXTERNAL.
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Adding Audit Comments

This procedure explains how to add comments when you change a program, function, or
function block. These comments provide an audit trail which can be viewed in reports.

Procedure
1 Close a program, function, or function block that was changed.

The following dialog box appears, allowing you to describe the changes before the
element is saved.

i

Comments for Audit Trail

The fallowing comment will be permanently placed in the audit trail
to identify changes made during thiz editing seszion.

Element Mame: EX0T_SHUTDOWM

E nabled colar manitaring

k. | Help

2 Enter a comment and click OK.
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14 Chapter 1 Project Administration

Project Creation

This section describes how to create and log on to a TriStation 1131 project.
Topics include:

* Creating a TriStation 1131 Project on page 14

* Adding a Project Description on page 15

* Logging on to an Existing Project on page 16

Creating a TriStation 1131 Project

This procedure explains how to create a TriStation 1131 project. When a new project is created,
a user name and password are automatically created with the highest level of privileges — Level
01 (see User Access on page 27). You are automatically logged on as this default user when the
project is created.

Procedure
1 Open TriStation 1131. On the File menu, click New Project.

r i

New Project &l

Platform:

Select the contaller platform to be supported
b this project.

MOTE: Your selection cannot be changed
after the new project iz created.

k. | Cancel | Help |

2 For the Platform (controller), select Tricon, Tricon Low Density, or Trident.

3 Click OK to continue.
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=

Filename for New Project

Save i | () Projects K £x B~
[Chnew. THMP | &) Excauntr |&) ExsTreatures  [&] TOCOUNT
[CTOCOUNTR.EZP | &] Exena | ] Ext | ] ToENG
[ TOTUY. TMP | ] Exerrars | 2] rew | 2] ToLIGHTS
[Chtestz. TMP | &) Exmadbus | &) Temopc | &) Tdmodbus
@ Excem @ Expeer @ TDCEM @ Tdpeer
@ Excem2 @ Exsoe @ Tdcemz2 @ TdSOE

< >

Save as ype: | Projects [PT2) | Cancel

4 Navigate to the folder you want to save the project in, enter a file name, and click Save.

Note TriStation projects must always be run from a local drive. Projects may be saved to a
network drive for backup purposes, but you must copy the project to your local drive
before you open it in TriStation.

Files that are used in TriStation 1131 are copied to the project. After the file creation
process finishes, you are automatically logged on to the project using the default user
name (MANAGER) and default password (PASSWORD).

Adding a Project Description

This procedure explains how to add a description to a project. The Project Description dialog
box displays information about the project, including the version of the project being developed
and the version of the project downloaded to the controller, which may be different.

CAUTION

Do not use the Windows file properties dialog box to maintain descriptive
information about your project. Changing or adding information to the
Summary tab in the Windows File Properties dialog box for a TriStation
project file (.pt2) will prevent TriStation from opening the file. There is no
way to recover a project file that has been changed in this way.

Procedure
1 n the Project menu, click Proj i
Ont e . OJeCt enu, ¢ ck OJeCt Project Description - EXTUY
Description.
Project
2 Enter a descrlptlon Of any length fOI' Filename:  ky DocumentshTriconestTriStation 1131 4.1%Projects\E stuy. pt2
the prOjeCt. Description: ||
3 C(lick OK to save.
Current Yersion: 5.0 14442003 11:57:39 AM
Downloaded Yerzion: 4.0 8/30/2000 7:04:23 Pk
Contraller
Tricon
1] 4 | Cancel Help
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Logging on to an Existing Project

This procedure explains how to open and log on to an existing project. Only one project can be
opened at a time. TriStation projects must always be run from a local drive. A project that has
been saved to a network drive must be copied to your local drive before you open it.

Note

If an existing TriStation project was created by a user with restricted or administrator-
level rights in Windows, other users may be unable to open that project. Windows
security file access rules apply to all TriStation project files. You must have read/write
access to a TriStation project, and the folder it is located in, to be able to open the project. If
you are unable to open a TriStation project created by another user, contact your
network or system administrator for assistance with changing the access rights for the
selected project file and/ or file location.

Procedure

1

Open TriStation 1131. On the File menu, click Open Project.

-

Open Project

Laok, in: | 9 Projects ﬂ o
[Cinew. THP |2 Exccountr |@|ExsTReatures  [2] ToCOUNT
) TDCOUNTREXP | &]Exena | &) Extu =) ToEND
[ TOTUY. TP | Exerrars |2 rew | ToLIGHTS
[Ctestz, THP |2 Exmmodbus =] Temope | =] Tdmodbus
H Excem H Expeer H TDCEM H Tdpeer
@ ExcemZ @ Exsoe @ Tdcemz @ TdSOE

S >
Files of type: | Projects [*.PT2) | Cancel

2 Select the folder to look in. Click the project to be opened, and then click Open.

=

Project Log On: EXTUY

To access any part of the project you must firgt log on. The
project manager creates uzer accounts for each project.

Y'our log on name will be uged to track project activity,
changesz, and access rights.

Log on Mame: |MANAGER

Paszword: | ******* q

Seszzion 1D: 13A883E0

Log On | Cancel ‘ Help ‘

3 Enter a user name and password. The default user name is MANAGER. The default

password is PASSWORD.

4 Click Log On. The project opens.
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Project Options

Project Options are settings that specify the language, annotation, and monitor settings used
when new project elements are created. When you create new elements in a project, default
settings are used unless you specify different settings. For example, the Default Language
property is set to Function Block Diagram, which means that a new function is automatically
created in FBD language unless you specify another language.

You can change the default settings when you begin a new project or any time during project
development. The settings only affect new elements.

Topics include:
* Specifying Language Options on page 17
* Specifying Annotation Options on page 18
* Specifying Monitor Colors for BOOL Values on page 20

Specifying Language Options

This procedure explains how to specify the language and element types used to create new
programs, functions, and function blocks.

Procedure

1 On the Project menu, click Project Options, and then click the Language tab.

Project Options §|

Language l Annotations ] tonitar Calars ]

Default Language:
* Function Block Diagram Cause Effect Matrix
" Ladder Diagram
™ Stuctured Text

Enabled Features:
v Programs Iv¥ Multiple Programs
[V Function Blocks
v Functions

[V Data Types

Ok, | Cancel Help
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2 Specify these properties on the Language tab.

Property Action

Default Language  Specify the type of programming language to use when creating a
program, function, function block, or data type. The default is Function
Block Diagram.

Enabled Features  Select the check box for each feature (programs, functions, function
blocks, data types, and multiple programs) that can be created in the
project. The default is selected for all features.

3 Click OK to save the settings.

Specifying Annotation Options
Annotations can be used to display descriptive text about a constant, tagname, or variable,

including information specified in system and user-modifiable macros.

This procedure explains how to specify whether annotations are automatically included when
comments and variables are created and whether the value is shown when an application is
monitored. You can also specify text or macros to be included in annotations.

Procedure

1 On the Project menu, click Project Options, and then click the Annotations tab.

r )

Project Options rg|
Language Annotations lMonitor Cc-lc-rs]
General: Default Macros or Text:
™ Annotation Program Yariables:
on by default Tagnames: |ZPGM_TAGNAME ]
[ Monitor Yalue
aon by default Locals: |%PGM_LOCAL ﬂ
Syl Function & Function Block ' aniables:
Alignment: | Left - Inputs: |%FE_IMPUT j
Border: |Single > Outputs: [2FE_OUTPUT ~|
& Text Size: |6 point » Locals: |%FB_LOCAL ﬂ
B Text Size: [8 point = I0: |=FB_I0 =~
C Text Size: |10 point »
D Test Size: |10 point -
0k | Cancel Help
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2 Specify these properties on the Annotations tab.

Property

Action

Annotation on by Default

Monitor Value on by
Default

Alignment

Border

Text Size

Default Macros or Text

Select the check box to have annotation boxes automatically
added to variables used with a program, function, or function
block. The default is cleared.

Select the check box to have the value of the variable displayed
when the program or function block is executed. The default is
cleared.

Specify how to align the text in an annotation or comment. The
default is Left.

Specify the type of border to include with an annotation or
comment. The default is Single.

Specify the point size for text used in the project. The default
settings are: A (6 points), B (8 points), C (10 points), and D (10
points.)

Specify the default macro or text to be included with a program
or function variable.

The program variable defaults are:

Tag Refs: %PGM_TAGNAME
Locals: %PGM_LOCAL

The function and function block variable defaults are:

Input: %FB_INPUT
Output: %FB_OUTPUT
Local: %FB_LOCAL
I/O: %FB_IO

See Using Macros with Annotations and Comments on page 143
for more information.

3 Click OK to save the settings.
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Specifying Monitor Colors for BOOL Values

This procedure explains how to specify what colors are displayed for BOOL True and False

values when the application is run on the controller or emulator. This feature allows you to
change the colors to meet an industry or corporate standard.

Procedure

1 On the Project menu, click Project Options, and then click the Monitor Colors tab.

&

Project Options El

Language] Annotations  Monitor Colors ]

General Monitor Calors:

TRUE FALSE

BOOL Wariables and 'wires: - - - -

CEM Monitor Colors

TRUE FaLSE
Cauges: li‘ ﬁ
Effects: - - -
Intersections: - - Z
ak | Cancel | Help |

2 Specify these properties on the Monitor Colors tab.

Property Action

General Monitor Colors  Select the color for True and False for BOOL variables and wires.
The default for True is red; False is green.

CEM Monitor Colors Select the color for True and False for cause, effect, and

intersection cells in a CEM (cause and effect matrix).

The default for True is red; False is white.

3 Click OK to save the settings.
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TriStation 1131 Options

TriStation 1131 options include properties that affect the TriStation 1131 interface. All the
properties included in the Options dialog box have default settings that specify how features are
initially configured. For example, the Wire Tool property can be specified for right-handed or
left-handed use.

You can change these settings at any time during project development. The settings you
configure are saved for your user ID only.

Topics include:

Specifying Directory Locations on page 22
Specifying Drawing Colors on page 23
Specifying FBD Editor Options on page 24
Specifying LD Editor Options on page 25
Specifying CEM Editor Options on page 26
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Specifying Directory Locations

This procedure explains how to specify the directory locations for project, library, and report
files.

Procedure

1 On the Tools menu, click TriStation 1131 Options, and then click the Directories tab.

a

_
TriStation 1131 Options 3

Directaries ] CEM Editor | Drawing Colors | FBD Editer | LD Editor |

Specify the directory on your system where TriStation 1131 can read and wiite the
folloving twpes of files:

Froject Files:
|C:\Documents and SettingstUzerl DMy Documentsh TriconexiTriStation 11371 4. 14

Default directary for project files.

D ata Files:
|ocumenls and 5ettingsiL zerl DMy Documentsh TriconextTriStation 1131 4.1%0 atd

Default directary for uzer libraries, report templates and other configuration files,

Temporary Files:

CADacuments and Settingsi]serl DWWy Documentsh T iconeshTrStation 1131 4147

Default directory uzed by TriStation 1131 for various temporany and information files,

ze Defauls

0k | Cancel ‘ Help |

2 Specify these properties on the Directories tab.

Property Action

Project Files Enter the path. The default is:
C:\...My Documents\Triconex\TriStation 1131
4.1\Projects

Data Files Enter the path. The default is:
C:\...My Documents\Triconex\TriStation 1131 4.1\Data

Temporary Files Enter the path. The default is:
C:\...My Documents\Triconex\TriStation 1131 4.1\Temp

Use Defaults Click the Use Defaults button to return the settings to the default paths.

Note TriStation projects must always be run from a local drive. You should not enter
directory paths that point to a location on your network.

3 Click OK to save the settings.
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Specifying Drawing Colors

This procedure explains how to specify the colors used for items in the programming editors.
The default drawing colors are based on the Windows color scheme selected in Control Panel.
Procedure

1 Onthe Tools menu, click TriStation 1131 Options, and then click the Drawing Colors tab.

=

TriStation 1131 Options

Directories | CEM Editor Drawing Colors | FBD Editer | LD Editor

e

FEloclk
In01
In02
000

Change Color

L]

Out

Default Calors Sheet Background during read only

Drawing [tem: | Element Background j

Ok, | Cancel | Help |

2 Specify these properties on the Drawing Colors tab.

Property Action

Drawing Item Select an item to be shown in a color.

Change Colors Command  Click to display a color palette from which to choose a color for
the selected drawing item.

Default Colors Command  Click to change the colors of all items to the default colors.

3 Click OK to save the settings.
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Specifying FBD Editor Options

This procedure explains how to specify Function Block Diagram (FBD) Editor settings that are
used throughout the project unless changed on a specific FBD function. You can also change the
Double Space and EN/ENO properties for a specific function.

Procedure
1 On the Tools menu, click TriStation 1131 Options, and then click the FBD Editor tab.

- n

TriStation 1131 Options Ed

Directories] CEM Editor] Drawing Colors  FBD Editor ] LD Editor]
FED Editor Dptionz

[ Double Space Function [Block] Terminals by Default
[” Enable EN/END Terminals on Functions by Default
[~ Left-Handed wire Tool

ak | Cancel | Help |

2 Specify these properties on the FBD Editor tab.

Property Action

Double Space Function Select the check box to automatically have the spacing

(Block) Terminals by Default doubled between terminals (inputs and outputs) on the
function block, which creates additional space for annotation.
The default is cleared.

Enable EN/ENO Terminals Select the check box to automatically enable EN/ENO
on Functions by Default terminals on functions. The default is cleared.

Left-Handed Wire Tool Select the check box to enable the wire tool for left-handed
use. The default is cleared.

3 Click OK to save the settings.
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Specifying LD Editor Options

This procedure explains how to specify Ladder Diagram (LD) editor settings that are used
throughout the project unless changed on a specific LD function. You can also change the
Double Space property for a specific function.

Procedure
1 On the Tools menu, click TriStation 1131 Options, and then click the LD Editor tab.

&

TriStation 1131 Options X

Direclories] CEM Editor] Drawing Eolors] FBD Editor LD Editor l
LD Editor Optionz
[ Double Space Function [Block) Terminals by D efault

[~ Compiler \Warning When Right Power Rail is Missing
[~ Left-Handed Link Toal

Ok, | Cancel | Help |

2 Specify these properties on the LD Editor tab.

Property Action

Double Space Function Select the check box to automatically have the spacing

(Block) Terminals by Default doubled between terminals (input and output parameters) on
the function block, which adds space for annotation. The
default is cleared.

Compiler Warning When Select the check box to display a compiler warning displayed
Right Power Rail is Missing  if the right (power) rail is missing from a Ladder Diagram
function. The default is cleared.

Left-Handed Link Tool Select the check box to enable the link tool for left-handed use.
The default is cleared.

3 Click OK to save the settings.
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Specifying CEM Editor Options

This procedure explains how to set the options used as initial settings for all the CEM (cause and
effect matrix) programs in a project. After a program is created, you can modify these settings
on a program-by-program basis.

Procedure
1 On the Project menu, click TriStation 1131 Options, and then click the CEM Editor tab.

r _ﬂ

TriStation 1131 Options X

Directories  CEM Editor ] Drawing Eololsl FED Editorl LD Editor]
CEM Editar Options

[ Cause Header Functions ON by Default
™ Effect Header Functions ON by Default
™ Intersection Functions O by Default

Default Mumber of Cause Rows: 22
Drefault Mumber of Effect Columns: 25

ak | Cancel | Help

2 Specify these properties on the CEM Editor tab.

Property Action

Cause Header Functions Onby  Select the check box to automatically add input and
Default function columns. The default is cleared.

Effect Header Functions On by Select the check box to automatically add output and

Default function columns. The default is cleared.
Intersection Functions On by Select the check box to automatically add function
Default columns. The default is cleared.

Default Number of Cause Rows  Enter the number of rows to include in a new matrix. The

default is 22.
Default Number of Effect Enter the number of columns to include in a new matrix.
Columns The default is 25.

3 Click OK to save the settings.
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User Access

This section explains how to provide user access to controller and TriStation 1131 operations.

Access is based on the security level assigned to the user, from the highest level (01) to the lowest
level (10).

Each level of security includes default settings for the operation privileges allowed for thatlevel.
For example, the Manager level (03) includes privileges for operations associated with
managing a TriStation 1131 project.

Only users assigned to levels 01, 02, or 03 can access the security controls for controller and
TriStation operations.

Each new TriStation 1131 project is created with a default user name (MANAGER) and
password (PASSWORD). To ensure unauthorized users do not access the project, you should
create user names and passwords before application development begins.

Note If a TriStation project was created by a user with restricted or administrator-level rights
in Windows, other users may be unable to access that project. Windows security file
access rules apply to all TriStation project files. Your network or system administrator
can assist with changing the access rights for the selected project file and/ or file location.

Access to a project can be further restricted by settings on documents and operating parameters.
If you are trying to edit a user document created by another user, and are unable to do so even
when you have the correct user level and access privileges, check the document’s access
property. If it is locked, you must ask the user who created the document to change the access
property. See Restricting Access to a Document on page 67.

Note If you have a model 4351A or 4352A Tricon Communication Module (TCM) installed in
your system, access to the Tricon via TriStation can also be controlled via the optional
TCM client access list. See Controlling Access to the TCM on page 267.

Topics include:

* Managing User Access on page 28
* Adding and Modifying User Access on page 29
* Changing the Security Level for Privileges on page 30

* Restricting Access to a Document on page 67
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Managing User Access

This procedure explains how to manage user access, which includes creating, modifying, and
deleting a TriStation 1131 user. Only users assigned to security levels 01, 02, or 03 can access the
Security dialog box and view user access settings.

Procedure

1 On the Project menu, click Security, and then click the Users tab.

I B

Security g|
Users ]Privileges] LeveINames]
|Security Level |Log On Mame |Fu|| Mame |Descripti0n |
iCorporate b anager MAMNAGER b anager Liefault Tzer
< ¥
Mew Modify Delete
QK | Cancel | Help

2 Perform one of these actions on the Users tab.

Command Action

New To create a new user, click New. See Adding and Modifying User Access on
page 29 for further instructions.

Modify To modify a user, select a user in the list, and then click Modify. See Adding
and Modifying User Access on page 29 for further instructions.

Delete To delete a user, select a user in the list, and then click Delete.

Note Unless you have level 01 access, you cannot add or delete users who have the
same or higher security level as yourself. For example, if you have level 02 access,
you cannot add or delete users with level 02 or 01 access.

If you have security level 01 access, you can add or delete other level 01 users,
but you cannot delete yourself.

3 Click OK to save your changes.
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Adding and Modifying User Access

This procedure explains how to add or modify access properties for a TriStation 1131 user.

Procedure
1 On the Project menu, click Security, and then click the Users tab.
e Toadd a user, click Add.

* To modify a user, click the user name, and then click Modify.

-

Modify User §|

Full Mame:  |[EENEED

Descriptior: |Defau|t |Jzer

Logon Name:  [MANAGER

Pazsword: |

ey Pazsward: |

Security Level:

{* Level 01: Carporate Manager " Level 06: Maintenance Manag
" Level 02 Site Manager ™ Level 07: Maintenance Engine:
7 Lewvel 02 Project Manager " Lewvel 08: Operation: Manager
" Level 04 Project Enginesr ™ Level 09: Dperator

7 Level 0% Project Programrmer " Lewel 10: Level 10

QK | Cancel | Help |

2 Specify these properties in the Add or Modify User dialog box.

Property Action

Full Name Enter or change the name for the user.

Description Enter or change the description for the user.

Logon Name Enter or change the name to be used to log on to the project.
Password Enter or change the logon password.

Verify Password  Enter the new or changed password again to ensure the password is
what you intended.

Security Level Select the security level for this user. Level 01 is the highest; level 10 is
the lowest.

3 Click OK to save your changes.

Note Even if you are not changing the password, you must enter a password in the
Password and Verify Password fields to confirm the other changes to the user’s
information. You should enter the user’s existing password in these fields. If you
don’t know the user’s password, you can enter a new password in these fields;
just be sure to tell the user their new password.
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Changing the Security Level for Privileges

This procedure explains how to change the security level required for privileges to controller
and TriStation 1131 operations. By default, each operation is assigned a security level, from the
highest level (01), to the lowest level (10).

Each security level includes a set of privileges for that level, which also includes the privileges
for lower levels. For example, if the operation is set to level 04, users with level 01, 02, and 03
privileges also have access to the operation. Only users with level 01, 02 or 03 access can change
security level privileges.

If a TCM is installed in the Tricon, access to the controller via TriStation can also be managed
via the optional TCM client access list. For example, even if a user has the correct security level
privileges to perform a Download All command, if they do not have Read/Write TriStation
access through the TCM, they will be unable to perform the Download All command. See
Controlling Access to the TCM on page 267 for more information.

Procedure

1 On the Project menu, click Security, and then click the Privileges tab.

r =y
Security g|

Uzery  Privileges lLeveINames]

Operation Type

. Azzign level required to open the
Eontroller Operations ﬂ emulator control panel
Operations
Contraller: Change point values ~ Level 11 Corporate Manager

Level 02 Site Manager
Level 03 Project Manager

Controller: Download al

Contraller: Download change

Controller: Enable and dizable points
Contraller: Enable/Dizable 0D

Contraller: Halt and run mismatched applicati
Contraller: Halt application

Contraller: Modify configuration

Contraller: Modify controller panel

Contraller: Dpen configuration

Contraller: Open contraller panel

Contraller: Pause and single step application
Controller: Fun application

Crwbrallar: b mrr ~bin o ke

Level 04 Project Engineer
Level 05 Project Programmer
Lewel 06 Maintenance Manager
Level 07 Maintenance Engineer
Level 08 Operations Manager
Lewel 09 Operator

Lewvel 10 Level 10

LW WCE EE<E<]

v

Select a category, then select one or more operations, then zet the privilege level required to perform the
zelected operation(s)

Ok, | Cancel | Help
2 Specify these properties on the Privileges tab.

Property Action

Operation Type Select Controller Operations or TriStation 1131 Operations, depending
on the operations you want to specify.

Operations Click the operation, and then select the check box for the level of security
to be assigned to the operation.
Press Shift and click to select multiple contiguous items.

Press Ctrl and click to select multiple non-contiguous items.

3 Click OK to save your changes.
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Note Users with security levels 04-10 cannot perform the following tasks: Security: Add/modify
users, Security: Change level descriptions, Security: Change level privileges.

Additionally, you cannot remove privileges from your own security level. For example, if
you are a level 03 user, you cannot remove privileges from security level 03.

Changing Security Level Names

This procedure explains how to change the names associated with security levels. If you change
a name on this tab, it is reflected on the other security tabs. Changing the name does not affect
the security level assignments.

Only users with level 01, 02, or 03 access can change security level names.

Procedure

1 On the Project menu, click Security, and then click the Level Names tab.

Ir y

Security §|

Users ] Frivileges Level Mames l

(NN R Corporate b anager|

Lewvel 02: |Site M anager

Lewvel 03: |Pr0iect M anager

Level 04: |F'r0iec:t Engineer

Lewvel 05 |Pr0iect Programmer

Lewvel OB: |Maintenance Manager

Level 07: |Maintenance Engineer

Lewvel 08: |Dperati0ns Manager

Lewvel 09: |Dperat0r

Level 10: |Level 10

Edit the privilege level names here. The lowest numbered level has the greatest privileges: users holding
thiz level may do all operations.  The highest numbered level comesponds to the fewest privileges.

QK | Cancel | Help |

2 Enter the name to associate with each security level on the Level Names tab. These are
the default names.

Level Name Level Name

01 Corporate Manager 06 Maintenance Manager
02 Site Manager 07 Maintenance Engineer
03 Project Manager 08 Operations Manager
04 Project Engineer 09 Operator

05 Project Programmer 10 Level 10

3 Click OK to save your changes.
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Library Documents

Libraries are collections of project elements (programs, functions, and data types) that can be
used in a project. This section describes how to create a library that can be added to other
projects, and how to manage libraries that can include TriStation and user-created project
elements.

Note Libraries created in TriStation 1131 version 4.1 can be imported to projects developed in
versions 4.1 or 4.0. Libraries created in version TriStation 4.0 can also be imported to
projects developed in version 4.1.

These libraries are available:

e TCXLIB: Triconex library for Tricon and Trident controllers

* STDLIB: Industry-standard library for Tricon and Trident controllers
e TR1LIB and TX1LIB: Libraries for Tricon controllers

* TRDLIB: Library for Trident controllers

For more information about the libraries automatically included with a TriStation 1131 project,
see the TriStation 1131 Libraries Reference. Information about the version numbers of libraries
included with each TriStation 1131 release can be found in the Product Release Notice for
TriStation v4.x, available on Triconex CustomerNet.

Topics include:

* Creating a Library of Project Elements on page 33
* Managing Libraries on page 37

* Adding Libraries on page 38

* Updating Libraries on page 39

* Deleting Libraries on page 39

* Verifying a Library Version on page 40
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Creating a Library of Project Elements

This procedure explains how to create a library of project elements (programs, functions,
function blocks, and data types) that can be imported to another TriStation 1131 project.

The library specification (.Isp) and export library (.1t2) files are created in the imported libraries
directory. To identify or change this library, see Specifying Directory Locations on page 22.

The default location is:

C:\...\My Documents\Triconex\TriStation 1131 4.1\Data

Procedure
1 Open the TriStation 1131 project that contains the elements you want to copy.
2 Expand the Application tree, right-click User Documents, and then click Create Library.

-

Create Library - Specification

Creating a library will allow you to uze functions, function blocks and data types
fromm thiz project in other projects. When you have finizhed creating the library,
ol can impart it to other TriStation 1131 projects.

The list of documents ta include in the library along with the library name,
description and version, is stored in a library specification fle. vou can create a
new library specification or use an exiziting zpecification to create wour library.

* Create new Library Specification

™ Use ewisting Library S pecification:

| Mext > | Cancel Help

3 Do either of these:

* To create a new library, click Create New Library Specification, click Next, and skip
to step 5.

* To add elements to an existing library, click Use Existing Library Specification, and
then click Next.
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.

Open Library Specification

Laok in: |Lﬂ Data j cF B~

SHUTDOWN, LSP

File name: ||
Files of type:  |Lib Specs [* LSF) ~| Cancel

4 Navigate to the library directory, and click the library file you want to add elements to.

r n

Create Library - Documents g|
Uzer Documents in this Project Diocuments ta Include in the Librany
Ex02_SHUTDOWMN Ex01_SHUTDOWN
Ex03_PROCESS_1_I0 Ex02_CRITICAL_IO
EX03_PROCESS_2 |0 EX03_SHARED_ID

EX03_SHUTDOWN
3>

> |
[

Toinclude & document in the library, selact it in the 'User Documents’ list, then press the
"»»" button to move it to the 'Include in Librany' list. You can remove a document from
the 'Include in Library' list by selecting it and pressing the << button

< Back | Ment » | Cancel | Help |

5 In the list on the left, click the document that you want to include, and then click the
angle brackets ( >>) to move the element to the right side.

To select several documents at the same time, press Ctrl, and click each document. To
select all the documents, press Ctrl and Shift, and click the top and bottom documents.

6 When you are finished selecting the elements to be included in the library, click Next.
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-

Create Library - General Information

Library Mame: M ajor Yerzion:  Minor Yersion:

=1 =1
SHUTD MM 1 =] 0 =
Description:

|Functi0n blocks for critical 140, proceszes and shutdown

The source for your functions, function blocks and data types can be included or excluded
from the libramy. n most cazes it helps the uger to include the source. However, you may
have proprietary algarithms o anather reazon for nat sharing source code,

* ‘ez, allow uzers to view the source code (read anly)

" Mo, do nat allow the users to view the source code
Directary Path:

ettingshJAnthonghdy Documents TriconessTriStation 1131 4.1%Data ..

< Back | Mest > | Caticel | Help |

7 Add information about the library, including a name, description, and major and minor
version number. You can also specify whether the source code can be viewed or
restricted from other users.

If you want to save the library to a path other than the default directory, browse to select
the path where you want to save the new library files.

-

Browse for Folder

Select the directory where the newly created library will be
saved

My WWeb Sites ~
B My Widgets
=3 Triconex
{C2) Enhanced Diagnostic Monitor 1.0
{C3) Triconex Diagnostic Maritar 4,1
{5 TriStation 1131 4.0
=5y TriSkation 1131 4.1
o
I3 Projects
I Temp ¥

I OK, ] [ Cancel

8 Click Next to continue.
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.

Create Library - Finish

The Library Specification will automatically be zaved to disk when you finizh
thiz wizard. You can re-use this specification it the future if you want to update
the library.

Do you want to create [or update] the Library, or just save the specification?

* iSave the specification and create the Librang

7 Just zave the specification.

< Back | Finish | Cancel Help

9 Do either of these:

* To save the files as a library, click Save the specification and create the Library. If
you create a library, a library.Isp file and a library 1t2 file are created (where library is
the name you selected in step 7).

* To save the specification, but not create the library, click Just save the specification.
You might want to do this if you are planning to create a project library, but are not
finished with the documents in the project. If you save just the specification, a
library.Isp file is created. You can open this file and create the library file based on
the specifications at a later time.

10 Click Finish.
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Managing Libraries

This procedure explains how to manage libraries. TriStation 1131 automatically includes IEC
libraries with functions, function blocks, and data types that can be copied and sometimes
modified for a project. You can also add libraries of project elements that were created in other

TriStation 1131 projects.

Procedure

1 Expand the Application tree, right-click Library Documents, and click Manage.

—

Manage

-

X

[Lib 1D |Desciption

|IEC 11313 Standard Library v1.16

TRICOME® Library +1.23

.-i_-:::
w T=1LIB Tricon 3008 MP Library +1.62
Delete...

Add..

Update...

Cloze | Help |

2 Perform one of these actions in the Manage dialog box.

Command Action

Add Click to add a new library. See Adding Libraries on page 38 for
further instructions.

Update Click to update an existing library. See Updating Libraries on
page 39 for further instructions.

Delete Click to delete an existing library. See Deleting Libraries on

Verify Version Command

page 39 for further instructions.

Click to verify the most current version of the selected library is
loaded. See Verifying a Library Version on page 40 for further
instructions.
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Adding Libraries

This procedure explains how to add libraries to a TriStation 1131 project. This allows you to
update libraries provided by Triconex and to add libraries of project elements from other
TriStation projects.

Procedure
1 Expand the Application tree, right-click Library Documents, click Manage, and then
click Add.
[ Add Library &)
Diirectary Path:

|C:'\Documents and Settingz'Janthonysty Documentsh TriconeshTns .

QK | Cancel| Help |

2 Ifthelibrary you want to add is located in a path other than the default directory, browse
to select the path where the library you want to add is located.

3 Click the library to add, and then click OK.
4 Click Yes on the Query screen.
The library is added to the project, and is displayed in the list.
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Updating Libraries

This procedure explains how to update TriStation 1131 libraries for your project. When you
request an update, TriStation 1131 compares the library in the project with the most current
installed library and displays a message indicating the versions of each. You can then update
the library or cancel the operation.

Procedure
1 Expand the Application tree, right-click Library Documents, and then click Manage.
2 On the Manage screen, click the library to be updated, and then click Update.

=
TriStation 1131: QUERY

P ) Updsti e ?
\:/ Updating TCHLIE w1, 29t0 TCHLIB v1.31. Continue 7

3 Click Yes to continue the update process. Click No to cancel.

Deleting Libraries
This procedure explains how to delete a library from a TriStation 1131 project.
Procedure

1 Expand the Application tree, right-click Library Documents, and then click Manage.
2 Click the library to be deleted, and then click Delete.

-

TriStation; 1131: QUERY

?) Dietach the following libraries from thiz project ?
& STOSHEET

3  When prompted, click Yes to confirm deletion of the library. Click No to cancel.
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Verifying a Library Version

This procedure explains how to determine the version of TriStation 1131 libraries used in your
project.
Procedure

1 Expand the Application tree, right-click Library Documents, and then click Manage.

2 Click the library to be verified, and then click Verify Version.

A message appears, identifying the library, version, and whether the project library is
the same as the installed library.

r N

TriStation 1131: NOTE 3

1 J Project library: STOLIB.LTZ v1.16 iz the same wersion
az. Installed library: C:A\PROGR.AM
FILESS\TRICONEXAWTRISTATION 1131
4 1\DATAVSTOLIBLTZ v1.18

ak

3 Click OK to close the message box.
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Reports
This section describes how to view and print standard TriStation 1131 reports. You can also
export reports to a variety of formats, which can be saved to disk or sent to an e-mail address.

Standard reports are displayed through the Crystal Reports viewer, which is installed with the
TriStation 1131 software. Custom reports must be created using Crystal Reports, which can be
purchased separately.

Topics include:
* Updating the Report Database on page 41
* Viewing and Printing a Report on page 41
* Adding Custom Reports to a Project on page 43
* Exporting Reports on page 43

* Report Database Information on page 44

Updating the Report Database

This procedure explains how to update the report database. This copies project information to
a database used for generating reports. You should update the report database after making
changes to a project, and after installing or updating the TriStation 1131 v4.1 software.

Procedure

1 Open the Project Workspace (see The Project Workspace on page 8), and right-click the
Reports folder.

2 Click Update Reports Database.

The status of the updated operation can be viewed in the status bar at the bottom of the
TriStation window.

Viewing and Printing a Report
This procedure explains how to view and print a report.

Before You Begin

Before you view a report, you should update the report database if changes have been made to the
project or if the report database was not updated after installing the TriStation 1131 software.

Procedure

1 Open the Project Workspace and then double-click a report. The report appears in the
report viewer window.
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Note If the report database was not updated after the TriStation 1131 software was
installed, a “File Not Found” message will appear. Update the reports database
(see Updating the Report Database on page 41) and then try viewing the report
again.

mlarypecmens R
S & F 5 - L of3 (2 4

Library Documents [
TriStation 1131
EXTUY 5.0 = of 4/7/2008 16:16:55 n on
oac oac (1)
LAy ELEMENT MAME ELENMENT DESCRPTION CATECONT e ER YER DATE TineE APTUCATICN
STOLIE ABS Absoluke Value . Mah Furclon 13 116 O7 M2 103544 Savie by, Conlol
STOLIE ACOS Arc cogire . Mah Furelon 1.1 116 OTH22E 1023147 Sk ly, Conad
STOLIE ADD Add. Afdbmelc Furclon 1.1 116 O7T M2 102352 Savie by, Conbol
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Etiecl, Orly Once
STOLIE cTU Up counler. Counker Furc Block 12 116 OTHZEE 102517 Sarke by, Conbol, C EM Case
Efiecl, Orly Orece
STOLIE cTuR Up-dowm Couniker Counikr Fure Block 1.4 118 OTH22E 102529 Sk ly, Conlad, CEM Caug e
Eticl, Only Once
STOLIE BELETE Dele e Saubs Hrg . Shirg Furclon 15 116 OTH 25 102543 Coniol
STOLIE DINT_TO_DWWDRD Cormer! hpe DINT ko hpe DWORD . Cormerslon Furelon 13 116 O7 0Evoe 122910 Sk ly, Connad
STOLIE DINT_TO_INT Cormer| hpe DINT o bpe INT. Corme rslon Furclon 1.1 116 O7TH 2 102545 Sarie by, Conlol
STOLIE DINT_TO_LREAL Cormer hpe DINT ko hpe LREAL. Cormersion Furelon 13 116 OTH22E 10255+ Sk ly, Conad
STOLIE DINT_TO_REAL Corwer| hpe DINT o hpe REAL. Corme rslon Furclon 13 116 OTHZSE 102500 Sarke by, Conbol
ETOLIE DINT_TO_ZINT Corwer| ype DINT o ype SINT. Cormersion Furclon 11 118 OTH22E 102505 Sarke ly, Conol
STOLIE DINT_TO_STRING Cormer hpe DINT 0 STRING. Cormerslon Furclon 1.1 118 o7z 102611 Sk ly, Conod
STOLIE DINT_TO_UDINT Cormer| hpe DINT o hpe UDINT. Corme rslon Furclon 1.1 116 OTHZSE 102516 Sarie by, Conlol
STOLIE DINT_TO_UINT Cormer! hpe DINT ko hpe UINT. Cormerslon Furelon 1.1 116 OTH22E 102622 Sk ly, Connad
STOLIE DINT_TO_USINT Cormer| hpe DINT o hpe USINT. Corme rslon Furclon 1.1 116 OTHZSE 02527 Savke by, Conbol
STOLIE L1 Didde. Afmelc Furclon 1.1 118 OTH22E 102532 Sake ly, Conol
STOLIE OT_TO_DATE Exiac| Dak tom Dak ard Time. Corme rslon Furclon 1.1 116 O7T M2 102538 Savke by, Conlol
ETDLIE DT_TO_TOD Exrac| Time of Day hom Dak ard Time . Cormersion Furclon 11 118 O7TH29E 102543 Sarke ly, Conol
STOLIE DWWORD_TO_BOOL Cormer| hpe DWORD o hpe BOOL. Corme rslon Furclon 13 116 O7T M2 102545 Savie by, Conbol
ETDLIE DVWORD_TO_BYTE Corwer| ype DVWORD b hpe BYTE. Cormersion Furclon 11 118 OTH22E 102554 Sarke ly, Conol
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PrivEd HTEOE 4SRN Page 1 of8 ETRICONEX

2 Perform any of the following tasks in the report viewer.

Command Action

= Print Command Click to print the report being viewed.

& Export Report Click to export the report data to a file. See Exporting Reports
Command on page 43 for further instructions.

Refresh Command Click to refresh the display, which re-loads project data to the
report. If project information has changed, update the report
database, and then click Refresh to have the updated data
displayed in the report.

I1 00z j Size of view Type or select a percentage to change the size of the report
view.

Search Text Click to search for text in the report.
Command
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Adding Custom Reports to a Project

This procedure explains how to add a custom report created in the Crystal Reports software to
a TriStation 1131 project. Only reports generated in Crystal Reports can be used in TriStation
1131; Crystal Reports must be purchased separately.

Procedure

1

In Crystal Reports, create a report and save it in a file with the extension .RPT.

2 Put the .RPT file in the Report Template directory. For more information on directory

locations, see Specifying Directory Locations on page 22.

The next time you open the project, the report will be included in the Reports list. If the
report is added while the project is open, you must close and re-open the project to view
the report in the list.

Exporting Reports

This procedure explains how to export report data in TriStation 1131. You can export reports to
a variety of file formats, and can save the exported data to a disk or send it to someone via

Microsoft Mail.
Procedure
1 Open the Project Workspace and then double-click the report you want to export. The
report appears in the report viewer window.
2 On the report viewer toolbar, click the Export Report button.
r N
Export E|
Format:
Ok
|.ﬁ.|:ru:ul:|at Farmat [FOF] j
D estination: ﬂ
3 Specify these properties in the Export dialog box.
Property Action
Export Format Select the file format. The default is PDF.
Export Destination Select the destination as either Disk file or Microsoft Mail. The
default is Disk.
4 Click OK to continue.

Depending on the format, additional information, such as the characters to use to
separate and delimit a file, may be requested.
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Report Database Information

This section provides information on the dBASE IV relational databases that are used when the
Crystal Report Engine generates a report in TriStation 1131. In addition to the standard reports,
you can create custom reports that can be used in TriStation 1131. You must purchase Crystal
Reports in order to create custom reports.

After a project is opened, the databases are automatically updated with information from the
project when you print the first report. You can also update the databases by right-clicking the
Reports folder and clicking Update Reports Database.

Databases include:

System Definition: Chassis Types (TRHWDCHS.DBF) on page 45
System Definition: Module Types (TRHWDMOD.DBF) on page 45
Configuration: Program (TRPRGINS.DBF) on page 45

Configuration: Instance Variable Connections (TRINSVAR.DBF) on page 45
Configuration: Tagnames (TRGLBVAR.DBF) on page 46
Configuration: Operating Parameters (TRSYSOPS.DBF) on page 46
Configuration: SOE Block Definition (TRSOEBLK.DBF) on page 47
Configuration: SOE Block Variables (TRSOEVAR.DBF) on page 47
Configuration: Module Configuration (TRMODCFG.DBF) on page 47
Configuration: Memory Allocation (TRMALLOC.DBF) on page 47
Security: Users (SECUSERS.DBF) on page 48

Security: Levels (SECLVLS.DBF) on page 48

Security: Operations (SECOPRS.DBF) on page 48

Project: Information (PRINFO.DBF) on page 48

Project: Shared Libraries (PRLIBS.DBF) on page 49

Project: Elements (PRELEMS.DBF) on page 49

Project: POU Variables (PRPOUVAR.DBF) on page 50

Project: POU Cross-Reference (PRPOUXREF.DBF) on page 50

Project: Audit History (PRHIST.DBF) on page 50
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The TRHWDCHS file contains information about the chassis types used in the system.

Table 2 System Definition: Chassis Types (TRHWDCHS.DBF)

Field Name Field Type Description
CHASTYPE (key) Number Chassis type numerical identifier
CHASDESC String Chassis description

The TRHWDMOD file contains information about the modules used in the system.

Table 3 System Definition: Module Types (TRHWDMOD.DBF)

Field Name Field Type Description

MODTYPE (key) Number Triconex module identifier
MODDESC String Module description
MODMODEL String Module marketing model number

The TRPRGINS file contains information about the programs in the project.

Table 4 Configuration: Program (TRPRGINS.DBF)

Field Name Field Type Description
PROGNAME String Program name
SEQUENCE Number Execution sequence number

The TRINSVAR file contains information about the variable connections in the program.

Table 5 Configuration: Instance Variable Connections (TRINSVAR.DBF)

Field Name Field Type Description

INSTNAME (key) String Program execution name. In v4.1, this is the same as
the program name.

VARPATH String Program variable path

PROGNAME String Program name

VARNAME String Program variable name. In v4.1, this is the same as
the tagname.

TAGNAME String Tagname

VAROUTPUT Strings W if written by instance; otherwise blank
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The TRGLBVAR file contains information about the tagnames (global variables) in the project.

Table 6 Configuration: Tagnames (TRGLBVAR.DBF)

Field Name Field Type Description

TAGNAME (key) String Tagname

GROUP1 String Group 1 name

GROUP2 String Group 2 name

DESCRIP String Tagname description

LOCATION String Tagname location (same format as in configuration)

MODBUS String Modbus alias number

DATATYP String Data type: BOOL, DINT, REAL, and so on.

DATACLASS String Data class: memory, input, or output.

TYPECLASS String Point memory address. See Memory Address on
page 382.

APPLICATN String Tagname application type (safety or control)

SHARED String Tagname shared for read state (Yes or No)

RETENTIVE Boolean Retain value indicator

INITVALUE String Initial value of tagname

DECPL Number Decimal places for REAL tagname

MINSPAN Number Lower limit for REAL number in Engineering Units

MAXSPAN Number Upper limit for REAL number in Engineering Units

SYSTEMTAG Boolean Is a system variable

MULTIWRIT Boolean Multiple writes enabled

The TRSYSOPS file contains information about the operating parameter settings in the project.

Table 7 Configuration: Operating Parameters (TRSYSOPS.DBF)

Field Name Field Type Description

CNFGVERS String Configuration version number
NETNODE Number NCM node number (switch setting)
NETALIAS String Network IP alias name
SCANRATE Number Scan rate (in milliseconds)
PSWDREQD Boolean Password required for download
DSBLSTOP Boolean Tricon Keyswitch STOP disabled
DSBLMBWR Boolean Disable Modbus writes to outputs
DSBLRCHG Boolean Disable remote changes
DSBLPNTS Boolean Permit disabling points
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The TRSOEBLK file contains information about the SOE block definitions in the project.

Table 8 Configuration: SOE Block Definition (TRSOEBLK.DBF)

Field Name Field Type Description
SOEBLKNUM (key) Number SOE block number
SOEBLKTTL String SOE block title
SOEBUFSIZ Number Event buffer size
SOEBLKTYP String SOE block type

The TRSOEVAR file contains information about the SOE tagnames used in the project.

Table 9 Configuration: SOE Block Variables (TRSOEVAR.DBF)

Field Name Field Type Description
SOEBLKNUM (key) Number SOE block number
TAGNAME String Tagname
TRUENAME String Name of TRUE state
FALSENAME Strings Name of FALSE state
TRUECLR String Color of TRUE state
FALSECLR String Color of FALSE state

The TRMODCEFG file contains information about the module configuration used in the project.

Table 10  Configuration: Module Configuration (TRMODCFG.DBF)

Field Name Field Type Description

CHASNUM (key) Number Chassis number (1-n)
CHASTYPE Number Chassis type numerical identifier
SLOTNUM Number Module type numerical identifier
MODTYPE Number Module type numerical identifier

The TRMALLOC file contains information about how memory is allocated.

Table 11 Configuration: Memory Allocation (TRMALLOC.DBF)

Field Name Field Type Description

DATADESC String Brief (coded) description of memory section

MAXPTS Number Maximum number of points for this type

ALLOCPTS Number Allocated points of this type

FCASTPNTS Number Forecasted points of this type after the next
download

CURRPTS Number Currently used points of this type
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The SECUSERS file contains information about the users authorized access to the project.

Table 12 Security: Users (SECUSERS.DBF)

Field Name Field Type Description
LOGINNAME (key) String User’s log in name
USERNAME String User’s full name
DESCRIP String User description
PRIVLEVEL Number User’s privilege level

The SECLVLS file contains information about the user’s access (privilege) level in the project.

Table 13  Security: Levels (SECLVLS.DBF)

Field Name Field Type Description
PRIVLEVEL (key) Number User’s privilege level
DESCRIP String User description

The SECOPRS file contains information about the level of access required to use TriStation and
controller operations.

Table 14  Security: Operations (SECOPRS.DBF)

Field Name Field Type Description

CATEGORY String Operation category name
DESCRIP String User description

PRIVLEVEL Number Minimum privilege level required

The PRINFO file contains information that is used when reports are printed.

Table 15 Project: Information (PRINFO.DBF)

Field Name Field Type Description

PRJINAME String Project name

DESCRIP String Project description

VERSION String Project version number

COINFO1 String Company information 1

COINFO2 String Company information 2

COINFO3 String Company information 3

DBDATE Date Date the report database was updated
DBTIME String Time the report database was updated

TriStation 1131 Developer’s Guide, v4.1



Reports

49

The PRLIBS file contains information about the libraries included in the project.

Table 16  Project: Shared Libraries (PRLIBS.DBF)
Field Name Field Type Description
LIBNAME (key) String Library name
DESCRIP String Library description
VERSION String Library version number

The PRELEMS file contains information about the elements (programs, functions, function

blocks, and data types) in the project.

Table 17  Project: Elements (PRELEMS.DBF)

Field Name Field Type Description

ELEMNAME (key) String Element name

VERSION String Element version number

CATEGORY String Element category

DESCRIP String Element description

ELEMTYPE String Element type: function, function block, and so on.

LANGUAGE String Language type: Function Block Diagram, Ladder
Diagram, and so on.

OWNER String Element owner name

USERDEFINE Boolean User defined indicator

LIBRARY Boolean Library indicator

LIBNAME 8 characters Library name

LOCKED Boolean Element locked indicator

READONLY Boolean Element read-only indicator

DRWGTITLE String Drawing title

DRWGNUM Strings Drawing number

DRWGREV String Drawing revision

DRWGCBY String Created by user name

DRWGCDATE Date Created date

DRWGCTIME String Created time

DRWGMBY String Modified by user name

DRWGMDATE Date Modified date

DRWGMTIME String Modified time

DRWGAB String Approved by name

DRWGADT String Approved date

TriStation 1131 Developer’s Guide, v4.1



50 Chapter 1 Project Administration

Table 17  Project: Elements (PRELEMS.DBF) (continued)

Field Name Field Type Description

APPLICATN String Element application type (safety or control)

The PRPOUVAR file contains information about the POUs (program organizational units),
which include programs, functions, and function blocks.

Table 18  Project: POU Variables (PRPOUVAR.DBF)

Field Name Field Type Description

VARPATH String POU variable path

POUNAME (key) String POU name

VARNAME ((key) String POU variable name

DESCRIP String Element description

DATATYPE String Data type: BOOL, DINT, REAL, and so on.
DATACLASS String Data class: local, input, output, and so on.
INITVALUE String Initial value of the POU variable

The PRPOUXREF file contains information about where variables are located in the project.

Table 19 Project: POU Cross-Reference (PRPOUXRF.DBF)

Field Name Field Type Description

VARPATH (key) String Program variable path which indicates where the
variable is used

SEQNO Number Record sequence number 0-n

SHTCOORD String Sheet coordinates of variable on SHTNUM

The PRHIST file contains information about the project history.

Table 20  Project: Audit History (PRHIST.DBF)

Field Name Field Type Description

EVENTID String ID of the event

USERNAME String User’s full name

ELEMNAME String Name of element that was changed
COMMENT String Comment on change

DATE Date Date of change

TIME String Time of change

ACTION String Action performed (including version number)

TriStation 1131 Developer’s Guide, v4.1



2

Application Development

Overview

Application Development Steps
Application Elements

User Documents

Function Block Diagram and Ladder Diagram Development
Structured Text Development
Cause Effect Matrix Development
Variables and Constants
Tagnames

Importing and Exporting Tagnames
Annotations and Comments
Modbus Applications

Peer-to-Peer Applications

SOE Development

Tricon Application Access

Trident Application Access

Building an Application

52
53
54
62
69
77
88
108
115
126
137
146
156
159
163
168
172

TriStation 1131 Developer’s Guide, v4.1



52 Chapter 2 Application Development

Overview

This figure shows the main steps for developing a TriStation 1131 application. An application
can be developed and tested on the emulator before downloading the application to a controller.

( Set Up the Project )

Deve_lop.the - Create programs and functions
Application

- Restrict access to application elements

- Restrict access to application points

- Declare tagnames

Test with the

- Build and test application
Emulator

Fix Errors

Errors?

No

Configure the
Controller

Set Up TriStation
Communication

Implement on
the Controller
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Application Development Steps

This list includes the steps that can or should be performed during application development.

Step

See

o d a d

Plan the application.

Create programs and functions.

Add annotations and comments.

Determine access to a document.

Determine access to points.

Declare tagnames.

Import or export tagnames.

Assign Modbus aliases.

Add Peer-to-Peer features.

Compile project programs and functions.

Build the application.

* Safety and Control Applications on page 58

* User Documents on page 62

* Function Block Diagram and Ladder Diagram

Development on page 69

* Structured Text Development on page 77

* Cause Effect Matrix Development on page 88

* Preparing an Excel File for Import on page 129

* Restricting Access to a Document on page 67

* Tricon Application Access on page 163
* Trident Application Access on page 168

* Tagnames on page 115

* Importing and Exporting Tagnames on
page 126

* Modbus Applications on page 146

* Peer-to-Peer Applications on page 156

* Compiling a Program on page 173

* Building an Application on page 172
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Application Elements

This section describes the elements of an application and the steps in application development.
Topics include:

* The Application Workspace on page 54

* The Declaration Tree on page 55

* The Implementation Tree on page 55

* Parts of an Application on page 56

* Safety and Control Applications on page 58

* Programming Languages on page 58

The Application Workspace

Application development takes place in the Application Workspace. The folders in this tree
include the user programs, functions, function blocks, data types, tagnames, and
implementation settings needed for the application. The tree also includes the TriStation 1131
library of functions, function blocks, and data types that can be used in the project.

|

dCE
L—‘_lD Ilzer Documents
D Prograrns
i Functions

=[] Library Documents
D Functions
-] Data Types
----- (3 Tagname Declarations
----- 3 Urresolved Documents
----- %‘ Implementation

B Application I||]I[| D:untn:ullerl IEE F'ru:-ieu:tl
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The Declaration Tree

The Declaration Tree lists the declarations for the currently opened program, function, or
function block.

——Declaration Tree

File Edit “iew Proect Document | Toole Sheets “Window  Help
OB B0 |=E @elel|s e
< [E | PEEEEEE

ElD Application Work zpace El-- LightEmUp 15
El[j User Documents D Lacal Declarations IR
ED Programs =-_] Tagname Declarations T

‘gl CEM_Example

- - o SET_PROG_ALARM |-

=17 Librare Document H

The Implementation Tree

The Implementation Tree lists the elements that can be specified for the application, including
the Execution List (list of programs and scan time), SOE Configuration, and Peer-To-Peer
Configuration.

——Implementation Tree

| File Edit “iew Project Document | Tool:  ‘window  Help

Ee| @0 [

=7 Application Work space

£l User Documents eee SOE Configuration
D Programs L B8 Peer-To-Peer Configuration
[ Functions

=1-[J Library Documents
#-(C0 Functions

&[] Data Types

-7 Tagname Declarations
----- 3 Unreszolved Documents
----- % | mplermentation
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Parts of an Application

The major elements in an application are programs, functions, function blocks, tagnames,
variables, implementation information, and controller configuration.
Application

An application includes application elements and configuration information that is built
(compiled) into executable code and downloaded and run on a Triconex controller.

The maximum number of programs in an application is 250.

Programs

A program is an executable element that includes one or more functions and function blocks. A
program can invoke functions and function blocks but cannot invoke another program. A
program is initiated from the Execution List.

The maximum number of variables that can be used in a program is 2,000, which includes local
variables and tagnames, but not VAR_TEMP variables.
Functions and Function Blocks

A function is an executable element that returns exactly one result. The values in a function exist
only while the function is executing.

A function block is an executable element that returns one or more values and retains the values
derived during one evaluation for use in the next evaluation. For function blocks, a set of input
values may not yield the same output values.

The maximum number of variables that can be used in a function or function block is 400, which
includes input, output, input/output, and local variables, but not VAR_TEMP variables.
TriStation 1131 Libraries

TriStation 1131 includes libraries of functions, function blocks, and data types that are
automatically included with each project.

For information on specific functions, function blocks, and data types, see the TriStation 1131
Libraries Reference.
User-Defined Functions

In user-defined functions, if no value is assigned to the function output, the return value is the
default initial value. If there is not a statement that assigns a value to the function output, a
compiler error occurs. No error or warning is issued if an assignment to the function output is
in a conditional statement and is not executed.

Tagnames

A tagname identifies input, output, and memory points that are accessible to all programs in the
application. In IEC terminology, tagnames are called global variables.
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Variables

A variable is a named area in memory that stores a value or string assigned to that variable.

Table 21 Variable Types and Uses

Variable Type Used With

Input Functions and function blocks

In/Out Function blocks

Output Functions and function blocks

Local Functions, function blocks, and programs

Tagname Programs

VAR_TEMP Currently available only in ST programs and function blocks
Data Types

A data type identifies the type of data used in tagnames and variables. TriStation 1131 uses both
elementary and generic data types. For more information, see Appendix B, Data Types.

* Elementary types are defined by IEC 61131-3 and include: BOOL, DATE, DINT, DT,
DWORD, INT, LREAD, REAL, STRING, TIME, and TOD. TriStation 1131 also supports
the derivation of structured, array, and enumerated data types.

* Generic data types are used to organize elementary data types that have similar
properties and can be used with IEC 61131-3 standard functions that support
overloaded inputs and outputs. Generic data type names use the prefix ANY.

Implementation Information & Execution List
Implementation information includes the Execution _ —
List, Scan, SOE, and Peer-to-Peer setup. Sean Time: ms [Range Z0ms - 500 ms ]
Program Execution List. #7724 §
Controller Conf’guratlon PEER_EX1_RCY_FED
PEER_EX1_SEND_FED
The controller configuration specifies the PEER_EX2_RCV_FED
L . PEER_EX2_SEND_FED
communlcgtlon characteristics for memory, m(?dule PEER_EX3 RCY. FBD
configuration, and other hardware-related settings. PEER_EX3_SEND_FED
When the application is built, this information is PEER_Ex4_ACY_FED
. . . PEER_EX4_SEND_FED
required. For more information, see Chapter 3, SHOW _PEER

Controller Configuration.
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Safety and Control Applications

An application can include safety programs only, control programs only, or a combination of
safety and control programs. Safety applications are the most restrictive type because they are
designed to take a process to a safe state when predetermined conditions are violated. All
elements of the application (programs, functions, function blocks, and tagnames) must be
approved or specified for safety.

Control applications are designed to control a process and can use control, or safety and control
functions and function blocks. The tagnames must be specified as control tagnames.

This table describes how programs, functions, function blocks, and tagnames can be used in
safety and control applications.

Table 22  Safety and Control Usage

Application Elements Use
Programs Safety programs cannot use control functions, function blocks, or
tagnames.

Control programs cannot use safety tagnames.

Functions and Function Blocks  Can be safety and control, or control.

Library functions and function blocks are designated as approved
for use in safety and control or control applications. These
designations cannot be changed.

Tagnames Can be safety or control. If Shared Read is selected, a safety
program can read a control tagname and vice-versa.

Programming Languages

TriStation 1131 supports programming languages for developing, testing, and documenting
applications that run on a Triconex controller.

TriStation 1131 supports these programming languages:

* Function Block Diagram Language (FBD)

* Ladder Diagram Language (LD)

* Structured Text Language (ST)

* CEMPLE (Cause and Effect Matrix Programming Language Editor)

The Function Block Diagram, Ladder Diagram, and Structured Text languages comply with the
IEC 61131-3 International Standard on Programming Languages for Programmable Controllers.
CEMPLE is an optional language that can be purchased separately from Triconex.

Function Block Diagram Language

Function Block Diagram (FBD) language is a graphical language that corresponds to circuit
diagrams. The elements used in this language appear as blocks wired together to form circuits.
The wires can communicate binary and other types of data between FBD elements. In FBD, a
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group of elements visibly interconnected by wires is known as a network. An FBD diagram can
contain one or more networks.

SWITCH IN

DEBOUNCE_ON

(@]

TON

1IN

SWWITCH_STATE

PT

DEBOUNCE_OFF

DEBOUNCE_TIME |———

TON

Figure 1 Sample FBD Network

Ladder Diagram Language

SR

=t & SWYITCH OUT

Ladder Diagram (LD) language is a graphical language that uses a standard set of symbols to
represent relay logic. The basic elements are coils and contacts which are connected by links.
Links are different from the wires used in FBD because they transfer only binary data between

LD symbols, which follow the power flow characteristics of relay logic. Function blocks and

function elements which have at least one binary input and output can be used in LD diagrams.
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Figure 2 Sample Ladder Diagram
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Structured Text Language

Structured Text (ST) language is a general purpose, high-level programming language, similar
to PASCAL or C. Structured Text is particularly useful for complex arithmetic calculations, and
can be used to implement complicated procedures that are not easily expressed in graphical

languages such as FBD or LD.

ST allows you to create Boolean and arithmetic expressions as well as structured programming
constructs such as conditional statements (IF...THEN...ELSE). Functions and function blocks can

be invoked in ST.

FUNCTION BLOCK DEBOUNCE 5T

{* External Interface *)

VAR_INPUT
SWITCH IN : BOOL ;
DEBOUNCE_TIME : TIME;

END VAR

VAR _OUTEUT
SWITCH OUT : BOOL ;

END VAR

VAR
DEBOUNCE_OFF : TON;
DEBOUNCE_ON : TON;

END_VAR

{* Function Block Body *)
DEBOUNCE_OFF(IN =
IF DEBROQUNCE OFF.Q THEN SWITCH CUT
DEBOUNCE ON (IN := SWITCH TN, PT :
IF DEBOUNCE_ON.Q THEN SWITCH_OUT :

END_FUNCTION BLOCK

Figure 3 Sample Structured Text Code
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CEMPLE (Cause and Effect Matrix Programming Language Editor)

CEMPLE™, which stands for Cause and Effect Matrix Programming Language Editor, is a
Triconex language based on cause and effect matrix methodology, which is commonly used in
the process control industry. A cause and effect matrix is frequently used for applications such
as fire and gas systems for which the programming logic is simple, but the volume of inputs and
outputs that need to be controlled is high. A matrix is readily understood by a broad range of
plant personnel from process control engineers to maintenance operators.

CEMPLE allows you to associate a problem in a process with one or more actions that must be
taken to correct the problem. The problem is known as a cause and the action is known as an
effect. In a typical matrix, a cause is represented by a row in the matrix and an effect is
represented by a column. An X in the intersection of a cause row and an effect column
establishes a relationship between the cause and the effect.

orR | or | or | or | or |
= = = = =
T | 5| 58| 58| %
| 4 4 3 3 3
£ 1 o o 2 o
m :I »—I »—I »—I »—I
= = = = =
=] =] =] =] =]
-— (] [} =+ u
- - - - -
(5% 55|55 58 5B
W 5 W 5 [ m 5 m 5
5lcf o2 |vf o€ |vi
2|28 (25 |38 38 |28
Olco o o Lo Lo
=l =l =l = =l = =l =
I E |[TE |TE |TE |TCL
Cause Description E01 E02 E03 E04 E0S
LEVEL_1_ || TRUE=Fluid level intank 1 is high | C01| ] ] ] |
LEWEL_2_Hl |TRUE=Fluid level intank 2 iz high |C02| [] ¥ 1 1 ]
LEWEL_3_H |TRUE=Fluid level intank 3is high |[C03| [ ] ] » ] ]
LEWEL_4 _HI |TRUE=Fluid level intank 4 is high | C04| [ | | > ]
4
Loc Terminal VariCongst VYarType | DataType Description
o P4 _LEWEL_1_HI Tagname Bl

Figure 4 Sample CEMPLE Matrix
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User Documents

This section describes the how to create and specify user documents, which include programes,
functions, function blocks, and data types. Topics include:

Note

Creating a User Document on page 62

Copying User or Library Documents on page 63
Specifying Document Summary Information on page 65
Specifying Document Attributes on page 66

Restricting Access to a Document on page 67

Changing a Document Owner on page 68

If you are trying to edit a user document created by another user, and are unable to do
so even when you have the correct user level and access privileges, check the
document’s access property. If it is locked, you must ask the user who created the
document to change the access property. See Restricting Access to a Document on
page 67.

Creating a User Document

This procedure explains how to create a user document. A user document can be a program,
function, function block, or data type.

Procedure

1

Expand the Application tree, right-click the User Documents folder, and then click New
Document.

r i
New Document E|
Mame: |
Document Type Language
™+ Pragram * Function Block Diagram
" Function HE " Ladder Diagram
" Funchion Block E| ¢ Shuctured Test
" Data Type 4 " Cause Effect Matriz
Application Type: & Safety & Contral
0k | Cancel Help
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2 Specify these properties in the New Document dialog box.

Property Action

Name Enter a descriptive name for the document.

Document Type Click the type of document to create. The default is Program.
Language Click the language type to use. The default is Function Block Diagram.

Application Type Click the type of application the document is to be used in. The default
is Control.

3 Click OK. The document is opened in the specified programming language.

Copying User or Library Documents

You can make copies of user documents you have created, as well as library documents. This
can help you reduce development time by using an existing document as the basis for a new
document.

Copying a User Document

This procedure explains how to copy a user document.

Procedure
1 Expand the Application tree, right-click the document to be copied, and click Copy.

If the document is open in TriStation, the Copy command will be unavailable. Close the
document and then repeat step 1.

2 On the Edit menu, click Paste.

F i

Paste Document E|

Frarm Old M arne: |E><I32_EHITIE.-'-‘-.L_IEI

To Mew Mame: ||

k. | Cancel Help

3 Enter the name for the new document, and click OK.
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Copying a Library Document

This procedure explains how to make a copy of an existing library document. Only functions
and data types can be copied; function blocks cannot be copied.

Procedure
1 Expand the Application tree, open the Library Documents folder and locate the function
or data type you want to copy.
2 Right-click on the function or data type, and select Copy.
If the document is open in TriStation, the Copy command will be unavailable. Close the
document and then repeat steps 1 and 2.
3 Inthe Application tree, right-click the User Documents folder and select Paste.
Paste Document E|
Fram Old Mame: |DwORD
TaMewMName:  |DwORD_COPY
| ] | Cancel Help
4 Enter a name for the copied document, and then click OK.

The new function or data type is now located in the appropriate folder in the User
Documents folder.
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Specifying Document Summary Information

This procedure explains how to specify summary information for a document.

Procedure

1 Expand the Application tree, right-click a document (program, function, function block,
or data type) and click Properties.

—

Document Properties

Mame:
Internal 10:
Owned By
Created:

b odified:
Compiled:
Category:

Dezcription:

Summary l Attributes ] Usage ]

Ex0Z_CRITICAL_IO - v1.6

0x000001 23

kM anager Change Owner
FA1B/2000 5:33:14 P

1041872000 3:02:15 PM

=

3

5/28/2003 3:10:36 AM

Safety Critical 10 Modules

Can be used in Safety or Control applications.

Document Access
" Read ™ Readwhite  Lock

0k | Cancel | Help |

2 Specify these properties on the Summary tab.

Property

Action

Name
Internal ID
Owned by
Created
Modified
Compiler

Category

Description

Document Access

Change Owner

Command

Displays the name of the document and version number.
Displays an internal number used to identify the document.
Displays the name of the owner. To change, click Change Owner.
Displays the date and time the document was created.

Displays the date and time the document was last modified.
Displays the date and time the document was last compiled.

Enter a name to be used to categorize the document. Documents can be
organized and displayed by categories.

Enter a description for the document.

Select the type of access to allow for this document. The default is
Read/Write. See Restricting Access to a Document on page 67.

Click the Change Owner button to change the owner of the document.
See Changing a Document Owner on page 68.

3 Click OK to save your changes.
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Specifying Document Attributes

This procedure explains how to specify document attributes, which include the type of
application the document can be used in, and whether the document can be used in a CEM

program.

Procedure

1 Expand the Application tree, right-click a document (program, function, function block,
or data type) and click Properties. Click the Attributes tab.

=
Document Properties

Summary  Abtributes lusage]

Application Type
f_“ " Contral

Cause Effect Matriz Suppart

[ Supports uze in cause rows with

[ Supports use in intersections

™ Supports application defined states

I anitaring:

* Safety & Contral
Functions may be ugzed for control or gafety & control.

IG inputs

[ Supports use in effect colummg with IG outputs

Only applies to pragrams writter in FED, LD or CER.

N )

= r
E| Document Properties E|

Summary  Attributes l

Application Type
" Safety & Contral .
Programs may be uszed for safety or control, but not both,

Cauze Effect Matrix Support

Does not apply to programs or data types

b onitoring:
I™ Enable color monitaring in program documents

For color selections, see "Manitor Colors" page in Project
Options dialog. MOTE: Selecting this attribute may increase the
local memary TriStation 1131 allocates for this program.

= ]

Cancel | Help |

Cancel Help

=]

2 Specify these properties on the Attributes tab.

Property

Action

Application Type

Cause Effect Matrix Support

Enable Color Monitoring

Specify whether this document can be used in Safety, Control,
or Safety and Control applications. The default is Control.

Select the check box for each type that is supported. Specify
the number of inputs and outputs, if needed. Only available
for functions and function blocks. See Enabling User-Defined
Functions and Application-Defined States on page 97.

Select the check box if you want a color displayed for BOOL
inputs and outputs when the application is run on the
controller or emulator.

Only available for programs written in FBD, LD, or CEM.

3 Click OK to save your changes.
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Restricting Access to a Document

This procedure explains how to restrict access to a document by setting the Access property. The
most restrictive setting is for Read, which means anyone with a lesser security level than yours
cannot change it. The least restrictive setting is for Read/ Write, which means all users can read
and change the document. You can also Lock the document to prevent editing by unauthorized

users.

To change the setting for this property, you must have a User Security level that includes
Change Access Attributes. See User Access on page 27 for more information.

Procedure

1 Expand the Application tree, right-click a document (program, function, function block,
or data type), and click Properties.

=

Document Properties

Mame:
Intemal 1D:
Owrned By:
Created:

M odified:
Compiled:
Categary:

Dezcription:

Surnmary ] Attibutes | Usage |

ExD2_CRITICAL_|O -+1.6
0x00000123

M anager

71842000 53374 P
101842000 20215 P
5/28/2003 91036 AM

Change Dwher

Satety Cnhical 10 Modules

Document Access
" Read ™ Read/rite  Lack

Can be uzed in Safety or Control applications.

X]

o ]

Cancel |

Help

=

2 On the Summary tab, select the access type for this document. The default value is

Read/Write.

3 Click OK to save your changes.
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Changing a Document Owner

This procedure explains how to change the owner of a document, which determines whether
other users can change the element. Normally, the owner of a document is the user who created it.

To change the setting for this property, your user security level must:
* include the Elements: Change Access Attributes privilege
* be the same or greater than the security level of the user you want to assign as owner

See User Access on page 27 for more information about user security levels.

Procedure

1 Expand the Application tree, right-click a document (program, function, function block,
or data type), and click Properties.

2 On the Summary tab, click Change Owner.

Users ['5_<|

Select uzer:

lan Johngtan

M athan Smythe

] | Cancel

3 In the Users dialog box, select the user who is to become owner of this element.
4 Click OK.

The Owned By property in the Document Properties dialog box displays the name of the
new owner.
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Function Block Diagram and Ladder Diagram
Development

This section explains how to use Function Block Diagram (FBD) and Ladder Diagram (LD)
languages to develop programs, functions, and function blocks. Topics include:

Using the FBD Editor on page 69
Using the LD Editor on page 70

Function and Function Block Graphics on page 71

Selecting Library Elements on page 72

Specifying Function Properties on page 73
Specifying Function Block Properties on page 74

Specifying Function Block Application Usage on page 75

Using a Space Saver Function Block on page 76

Using the FBD Editor

The Function Block Diagram (FBD) editor allows you to develop programs and functions by
using a graphical language that corresponds to circuit diagrams. Toolbar commands are
described in detail in Appendix A, Commands and Properties.

1  Declaration Tree 6  Output Variable 11 Comment 16  Zoom to Fit
2 Selection Tools 7  1/0O Variable 12 Horizontal Network 17  Previous Sheet
3  Function (Block) 8  Tagname 13 Vertical Network 18 Sheet Manager
4  Local Variable 9  Constant 14  Auto Name 19 Next Sheet
5  Input Variable 10  Wire Tool 15 Zoom
l—l | 2 | 3456 7 8 910111213 14 1516 171819
k| [ || D{o|=|o]=||=| /8] i] &] al:| dla[|

# FBLOCK: Tank_Alarm Sheet 1 of 1*®

- Tank_alarm

[C1 Local Declarations

-1 (1 it Dechrations e B
EWater_Lc-w ......................
[C utput Declarations
=[] o Declarations | | =
= B F .... OR '''''''
| 2 Wter_Low | — .
| 2 Wiater Low |1 R B
H ! I
...................... -
£ 3
Figure 5 Function Block Diagram Editor Elements
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Using the LD Editor

The Ladder Diagram (LD) editor allows you to develop programs and functions by using a
graphical language that corresponds to relay logic. Toolbar commands are described in detail
in Appendix A, Commands and Properties.

1  Declaration Tree 7  Input 13 Link Tool 19 Zoom to Fit
2 Selection Tools 8 Local Variable 14 Comment 20  Previous Sheet
3  Function (Block) 9  Output Variable 15 Horizontal Network 21  Sheet
4 Contact 10 1/0O Variable 16  Vertical Network 22 Next Sheet
5  Coil 11 Tagname 17 Auto Name
6  Right Power Rail 12 Constant 18 Zoom
’—1 | 2 | 3456 7 8 910111213141516 17 1819 20 21 22
I I 0
N | SHolA|a|s|s|s|o]= sl 1] & A= O]s[x]
FEX
—||-HE LD_Program 10 0 3 -~
[ Local Declarations ]
- [1 Tagname Declarations | [ T T T
< Alarm_ont e
“= wiater_Hight | weeter Hight Alarm_on1 | ..........
<= aber_Lowl — II ...................
L
Coweertowt ||
— =
-
< >
Figure 6 Ladder Diagram Editor Elements
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Function and Function Block Graphics

In FBD and LD languages, each function and function block is graphically represented on the
logic sheet. For more information on specific functions and function blocks, see the TriStation
1131 Libraries Reference.

Function

AND

inal
Input terminalsﬂ A4——Output termina

Evaluation order O |
in program

Function Block
Instance name for
the function block — CSCHED A

Names of input CHCHED— Type name (CSCHED)
terminals i Output terminal

g names
Input terminals NSCANST L Output terminals
NOFFSEF
TUAL

Evaluation order Fom
in program

Figure 7 Function and Function Block Elements
Table 23 Function Block Graphic Elements
Item Description
Instance name Identifies the specific implementation of a function block type.

For function blocks only.

Names of terminals  Identify the input and output parameters used with the function block.

Terminals Locations where variables are attached.
Evaluation order Identifies the order in which the function is executed in the program.
Type name Identifies the function block type.
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Selecting Library Elements

This procedure explains how to select a library element to include in a project program or
function. TriStation 1131 includes libraries of functions, function blocks, and data types that can
be used in a project. Many of these elements include the source code, which can be copied to a
program or function.

Procedure

1 Expand the Application tree, create or open a program.

2 Click the Select Function (Block) Tool Element button .

( )
Select Element §|
Fird: |
|Element M arme Categaony Dezcription

ABS b4 ath Abzolute Walue. ~
ACOS b ath Arc cosine.

AnD Avrithrmetic Add,

AN Process Converts analog input to rea
AIM_BP Process Converts differential bipolar ¢
AIM_HR Process Converts high resolution ane

AMD Logic Bitwize AMD.

AQUT Process Converts real value to analo
ARRAY3Z_BOOL  Litility Array of 32 BOOL registers.
ARRAYIZ_DIMT  Utility Array of 32 DINT registers.
ARRAY3Z_REAL  Utility Array of 32 REAL registers.

A5 I4ath Arc zine,

ATAM td ath Arc tangent.

BLIME. Ladder Blink. b

< >

ar. | Cancel | Help |

3 Select the function or function block to be inserted, click OK, and then click on the logic
sheet to place the element.

4 To insert another function or function block of the same type, click the Function (Block)

Tool |4F|, then click on the logic sheet to place the element.

5 To select a different function or function block, repeat steps 2 and 3.

Note You can easily create your own function by making a copy of an existing library
function, and then modifying it to suit your needs. See Copying a Library Document on
page 64.
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Specifying Function Properties
This procedure explains how to specify properties for functions.

Procedure
1 Expand the Application tree and open a program or function.

2 Double-click the graphic of the function whose properties you want to define.

Eﬂl E I Function j

Function Hame: 0OR Wfidth
Output Tepe: AMY_BIT j J
Imputs: .
01-: ANY_BIT Mumber of Inputs Termninals
02-: ANY_BIT IE_ ~ EN/ENO

[v Couble Space
[ [ lrwvert Dutput

3 Specify these properties on the Function tab.

Property Action

Number of Inputs  If the Number of Inputs fields is enabled, the function is extensible,
which means the number of inputs can be changed. To add inputs, enter
the number of inputs and click Apply.

Invert Input If an input is inverted, the value is changed to the opposite value (True
to False, or False to True) when the function is executed. Only available
for BOOL inputs.

To invert the value for a specific BOOL value, select the input and then
select the Invert Selected Input check box.

Invert Output If an output is inverted, the value is changed to the opposite value (True
to False, or False to True) when the function is executed. Only available
for BOOL outputs.

To invert the value for the output, select the Invert Output check box.

Width Click + or - to increase or decrease the width of the selected function
graphic on the logic sheet.

EN/ENO To include an input and output parameter that detects errors in FBD
and LD logic, select the EN/ENO check box.

Required in functions and function blocks used in LD programs.

Double Space Select the check box to have space in the function graphic on the logic
sheet doubled between the inputs and outputs.

4 C(Click OK to save your changes.
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Specifying Function Block Properties

This procedure explains how to specify properties for function blocks.

Function blocks must have at least one BOOL input and one BOOL output. All input, output,
and local variables in a function block persist from one execution of a function block to the next
execution. Consequently, the same function block invoked with the same inputs may not return

the same outputs.

Any function block previously declared can be used in the declaration of another function block
or program. The scope of an instance of a function block is local to the function block or program

that declares the instance.

Procedure

1 Expand the Application tree and open a program or function block.

2 Double-click the graphic of the function block.

Item Properties [

|nztance Mame:

(" lnhpute &+ Outputs

E.‘pl EI Function Blm:k\|

FBlock Mame:  S%5_DI32_ STATUS
ETE | N | ) |

- Terminals

01-Co: BOOL
02-TMR : BOOL
03-GE_DUAL : BOOL

EE Rl I N e I ]

+ | | Doubls Space

3 Specify these properties on the Function Block tab.

Property

Action

Instance Name

Invert Input/Output

Width

EN/ENO
Double Space

Enter a name for this specific implementation of the function block.

If an input or output is inverted, the value is changed to the opposite
value (True to False, or False to True) when the function is executed.
Only available for BOOL inputs.

To invert the value for a specific BOOL value, select the input or
output and then select the Invert Input/Output check box.

Click + or - to increase or decrease the width of the selected function
block graphic on the logic sheet.

Only available with functions.

Select the check box to have space in the function block graphic on
the logic sheet doubled between the inputs and outputs. The default
is cleared.

4 C(lick OK to save your changes.
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Specifying Function Block Application Usage

This procedure explains how to specify the Usage property for function blocks, which
determines how the function block is used in a program. You can specify the usage for user-
defined function blocks, but you cannot change the settings for TriStation 1131 library function

blocks.

Procedure

1 Expand the Application tree and expand the User Documents folder.

2 Right-click a function block, click Properties, and then click the Usage tab.

=

-

Document Properties @l

per scan.

Summal_l.J] Lttibutes  Usage ]

Uze these attributes to let the user know how a specific declaration
of thiz function block should be used.

" Space Saver a single instance can be executed mare than
ohce per xoan ko reduce memony uzage and increase
performance. For directions, zee Help.

" Exactly Once: each instance should be executed exactly once

" Only Dnce: each instance should be executed only once per
zcah, but does not need to be executed every zcan.

" Internal State: a single instance can be execuked mare than
once per zcan, Howewver, pou should be aware of the internal
states that are used from one scan to the next.

For all but the first option, the compiler will report a warming if a
declaration of the function block iz executed more than once in a
pragram ar function block.

K | Cancel | Help ‘

3 Specify one of these settings on the Usage tab.

Setting

Action

Space Saver

Exactly Once
Only Once

Internal State

Use when a single instance can be executed more than once per scan to
reduce memory usage and increase performance.

For more information on specific requirements for using a function block as
a space saver, see Space Saver on page 428.

Use when each instance should be executed exactly once per scan.

Use when each instance should be executed only once per scan, but does not
need to be executed every scan.

Use when a single instance can be executed more than once per scan.

4 Click OK to save your selection.
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Using a Space Saver Function Block

This procedure explains how to use a function block as a space saver. The Space Saver setting
means a single instance can be executed more than once per scan to reduce memory usage and
increase performance.

For user-defined function blocks, you can specify this setting. For Triconex Library function
blocks, the setting cannot be changed.

Procedure

1 Declare only one instance of the function block and use that same instance throughout
your program. On a function block diagram, just use the same instance name repeatedly.

2 To prevent mistakes, connect a value to every function block input. If you forget to
connect an input, then you must search for a previous execution of the function block to
see the input value because the function block remembers the input value from one
execution to the next if the input is not connected.

3 Do not use the function block instance more than once in a network —the result is a
WG0014 warning because the diagram could be ambiguous.
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Structured Text Development

This section explains how to use Structured Text (ST) language to write a program, function,
function block, or data type. Structured Text is a high level language that has been specifically
developed for industrial control applications.

For more information, see Programming Industrial Control Systems Using IEC 1131-3, by R-W.
Lewis, London: Short Run Press Ltd., 1998.

Topics include:

* Using the ST Editor on page 78

* Defining an Enumeration Data Type on page 79
* Defining an Array Data Type on page 79

* Defining a Structured Data Type on page 80

* Declaringa VAR CONSTANT on page 81

* Declaring a VAR_TEMP on page 82

* Declaring a VAR_EXTERNAL on page 83

* Declaring Local Variables in ST on page 84

* Declaring Input and Output Variables in ST on page 84
* Using ForLoop and Exit Statements on page 85
* Using a CASE Statement on page 86

*  VAR_IN_OUT Function Parameters on page 87
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Using the ST Editor

The Structured Text (ST) editor allows you to develop programs and functions by writing code.
This figure shows the logic sheet and commands. Toolbar commands are described in detail in
Appendix A, Commands and Properties.

1  Read-Only 3 Replace Text 5  Larger Font 7 Type Over
2 Find Text 4  Line Numbers 6  Smaller Font 8  Auto Indent

1 2 3 456 78

ra| np| O] #|A|A] o]
13 PROGRAM: ST_Program =3
= E| ST_Program PROGRAN 3T Program L
[_1 Local Declarations
[jTagname Declarations [* Local Variables *)
VAR
[* Put wour local wariable declarations here ¥)
W1l : BOOL :
END_WVAR
[ * Program Body *)
V1l := NOT W1 :
END PROGRAM
“
£ »
Figure 8 Structured Text Editor Elements

The ST compiler allows you to insert tabs, spaces, and comments between keywords and
identifiers wherever a space is required. Each statement must be terminated with a semi-colon
(;) separator. Comments must be preceded by (* and followed by *), as shown in this example:

(* this is a comment *)

Note You can easily add code to your ST program by copying and pasting code from existing
library or user documents. To do so, while viewing the code you want to copy, select the
code, right-click on it, and select Copy. Then, return to your ST program, right-click
where you want to add the code, and select Paste.
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Defining an Enumeration Data Type

An enumerated data type is a data type that allows different states of a value to be given
different names.

Syntax Example

TYPE ENUM COLORS:
(YELLOW, RED, GREEN);
END TYPE

In this example, the value of a variable of type ENUM_COLORS is YELLOW, RED, or GREEN.
Any other value is an error. The default initial value is YELLOW. The order for comparison
increases from left to right.

Example
PROGRAM ST Enumerations
VAR
MY COLORS : ENUM COLORS := GREEN;
END VAR
if (MY COLORS = GREEN) then
MY COLORS := RED;
elsif (MY COLORS = RED)then
MY COLORS := YELLOW;

elsif (MY COLORS = YELLOW)then
MY COLORS :=GREEN;
end if;

(* The following statement causes an error *)
(* MY COLORS := 6; *)

END PROGRAM

Defining an Array Data Type

An array is a group of data objects with identical attributes, which is sometimes referred to as
multi-element variables.

* Arrays can have one or two levels, and be up to 32 KB maximum.
¢ The maximum number of array elements is 256,000.

* An array index must be in the range of -2,147,483,648 to +2,147,483,647.

Syntax Example

TYPE ARRAY DINTS :
ARRAY[1..6,1..20] OF DINT;
END_ TYPE
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Example

For each array, the default initial value is the one defined for the array type. In this example,
array type A has 10 elements of type INT.

TYPE A:
ARRAY [0 .. 9] OF INT ;
END_TYPE

Example

In this example, a variable declaration specifies a variable V of type A.
VAR V : A ; END VAR

This means the array elements are referenced by the expressions:
v[iol, v[ij, . . , v[9]

The default initial values are 0 (zero).

Example
An index can be an expression of type ANY_INT, for example, V [I +1].

For an array with more than one dimension, the sub-range is replaced with a comma-separated
list of sub-ranges, and the array index is replaced with a comma-separated list of array indexes.

Defining a Structured Data Type

A structured data type is derived by defining a structure from existing data types by using
elements of other specified types, which are accessed by their specified names. A structure can
have a maximum of 400 elements.

Syntax Example

TYPE STRUCT SENSOR :
STRUCT
INPUT:DINT;
STATUS :BOOL;
HIGH LIMIT:REAL;
ALARM COUNT:INT;
END_ STRUCT;
END_ TYPE

Each structured declaration consists of an element name followed by a colon, followed by a type
specification. The default initial value of each structured element is the one defined for the
structured type. In this example, the structured type called STRUCT_SENSOR has four
structure elements: element INPUT of type DINT, element STATUS of type BOOL, element
HIGH_LIMIT of type REAL, and element ALARM_COUNT of type INT.

If a variable declaration specifies a variable V of type STRUCT_SENSOR (VAR V :
STRUCT_SENSOR ; END_VAR), then the four structure elements are referenced by the
expressions V. INPUT, V.STATUS, and so on. The default initial values are 0, False (0), 0.0, and 0.
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Declaring a VAR CONSTANT

A VAR CONSTANT is a named constant, which is appropriate for safety applications because

the value cannot be changed in a program.

Syntax Example
VAR CONSTANT

StartUp Speed: REAL

Gear Ratio:INT
END VAR

Program Example

PROGRAM ST Constants
VAR CONSTANT

MILLISECS IN SEC : DINT

END VAR
VAR

TIMER MILLISECS, TIMER SECS
GET CALENDAR : TR CALENDAR;

END VAR
GET CALENDAR (CI := TRUE);
TIMER SECS := GET CALENDAR.SECOND;
TIMER MILLISECS := TIMER SECS * MILLISECS IN SEC;

(* The following statement causes an error because MILLISECS IN SEC

*is a VAR CONSTANT*)
(* MILLISECS IN SEC
END_PROGRAM
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Declaring a VAR_TEMP

A VAR_TEMP is a variable which is appropriate for safety applications because the variables are
placed in a temporary memory area (not local memory) which is cleared when the program,
function, or function block terminates. A VAR_TEMP variable provides no persistence. During each
scan, it is automatically initialized to zero at the start of the program, function, or function block.

Syntax Example

VAR TEMP
RESULT : REAL;
END VAR;

Function Block Example

FUNCTION BLOCK ST VarTemp
VAR TEMP
(* These 4 bytes will not be counted
as LOCAL variables *)
TEMP_SUM : REAL;
IS ROUNDUP : BOOL;
END VAR

VAR_INPUT
INP 1, INP 2, INP 3: REAL ;
FORCE_ROUNDUP: BOOL ;

END VAR

VAR OUTPUT
OUT_SUM : DINT ;
OUT_BOOL : BOOL ;

END VAR
VAR
LOC_ROUNDUP : BOOL := FALSE;
END_ VAR
TEMP SUM := INP 1 + INP 2 + INP 3;
IS ROUNDUP := (LOC_ROUNDUP OR FORCE ROUNDUP) ;
if (IS_ROUNDUP) then
TEMP _SUM := CEIL(TEMP_SUM) ;
LOC _ROUNDUP := FALSE;
else
TEMP_SUM := FLOOR (TEMP_SUM) ;
LOC_ROUNDUP := TRUE;
end 1if;
OUT SUM := REAL TO DINT (TEMP SUM) ;
OUT BOOL := IS ROUNDUP;

END FUNCTION BLOCK
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Declaring a VAR_EXTERNAL

A VAR_EXTERNAL (also known as a global variable) allows access to tagnames (also known
as tagname declarations in TriStation 1131).

Syntax Example

VAR EXTERNAL
TagName 1, Tagname 5, Tagname 9 : BOOL;
END_ VAR

Program Example
PROGRAM ST VarExternal
VAR EXTERNAL
TagName 1, Tagname 5, Tagname 9 : BOOL;

END VAR

if (Tagname 1) then

Tagname 1 := FALSE;
else

Tagname 1 := TRUE;
end if;

if (Tagname 5) then

Tagname 5 := FALSE;
else

Tagname 5 := TRUE;
end if;

if (Tagname 9) then

Tagname 9 := FALSE;
else
Tagname 9 := TRUE;

end if;

END PROGRAM
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Declaring Local Variables in ST

A local variable is declared within function blocks using the VAR. .END VAR construct. Local
variables in a program or function block are initialized with initial values (the default is zero) at
startup. Function block instances are actually local variables and are declared as such.

Syntax Example

VAR
UpCount : INT:= 100; (* Declares initial value to be 100 *)
Reset : BOOL; (* Declares Boolean variable Reset *)
UpCounter : CTU; (* Declares instance of CTU function block*)
END VAR

Declaring Input and Output Variables in ST

Input and output variables are declared using the VAR_INPUT ... END_VAR and
VAR_OUTPUT...END_VAR constructs. All input variables must be declared before any output
variables can be declared.

Function Block Example

FUNCTION_BLOCK AVERAGE
(* Variable Declarations *)

VAR INPUT
RESET : BOOL ; (* 1 = reset, 0 = calculate *)
CURRENT VALUE : DINT ; (* Current Value from UPDOWN *)
END VAR
VAR OUTPUT
STATUS : BOOL ; (* State => 1 = resetting, 0 = calculating *)
XOUT : DINT ; (* Avg Output = Current Value Divided by MAX COUNT *)
END VAR

(* Your execution statements here *)
END FUNCTION BLOCK
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Using ForLoop and Exit Statements

The ForLoop and Exit statements allow a set of statements to be repeated depending on the
value of an iteration variable.

Program Example
PROGRAM ST ForLoop

VAR
MY ARRAY : ARRAY DINTS;
COUNT : DINT;
IDX 1, IDX 2 : INT;
END_ VAR

for IDX 1 := 1 to 6 do
for IDX 2 := 1 to 20 do
MY ARRAY[IDX 1,IDX 2] := COUNT;
(* This statement causes an error because IDX 1 is being used
* as the counter for the ForLoop structure *)
(* IDX 1 := 20; *)
end for;
if (COUNT = 100) then
exit;
end if;
end for;

COUNT := COUNT + 1;

END PROGRAM
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Using a CASE Statement

The CASE statement allows a selected statement to be executed depending on the value of an
expression that returns an integer result. Only numerical values can be used for the reference
items in the CASE statement. If variables are used, TriStation rejects the code.

Allows up to 5,000 selection statements.

Program Example
PROGRAM ST Case

VAR
SETTING : DINT := 0;
SPEED :REAL := 0.0;
END VAR

if (SETTING > 10) then

SETTING := 0;
end 1if;
SETTING := SETTING + 1;

(*Select a SPEED based on the value of SETTING *)
case SETTING of

1: SPEED := 5.0;

2: SPEED := 7.5;

3,4,5:SPEED := 12.0;

6: SPEED := 15.0;

7,8:SPEED := 18.0;

9: SPEED := 21.0;

10:SPEED := 25.0;
else

SPEED := 0.0;

end case;

END PROGRAM
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VAR_IN_OUT Function Parameters

The VAR_IN_OUT function parameters allow more than one input and more than one output
in a function block.

You should not use the VAR_IN_OUT variable in a safety application.
CAUTION Safety standards (such as IEC 61508) recommend limiting the use of
pointers in safety applications; VAR_IN_OUT is used as a pointer in
TriStation 1131.

To automatically check for the use of VAR_IN_OUT in your safety
application, set the Application Type to Safety for the programs included
in the application (for more information, see Application Type on

page 320).
Syntax Example
VAR _IN OUT
INOUT 1, INOUT 2, INOUT 3 : DINT ;
END_ VAR

Function Example
FUNCTION ST VarInOut : BOOL
VAR IN OUT

INOUT 1, INOUT 2, INOUT 3 : DINT ;

END VAR

if (INOUT 1 > 64000) then

INOUT 1 := 0;
end 1if;
INOUT 1 := INOUT 1 + 1;

if (INOUT 2 > 64000) then

INOUT 2 := 0;
end 1if;
INOUT 2 := INOUT 2 + 2;

if (INOUT 3 > 64000) then

INOUT 3 := 0;
end 1if;
INOUT 3 := INOUT 3 + 3;
ST_VarInOut := TRUE;

END FUNCTION
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Cause Effect Matrix Development

This section explains how to use the Cause Effect Matrix (CEM) language to create a program
based on a cause and effect matrix. Topics include:

* CEMPLE Overview on page 88

* Using the CEM Editor on page 90

* Setting up a CEM Program on page 93

* Using User-Defined Functions and Application-Defined States on page 96

* Specifying Local Variables, Tagnames, and Constants in a CEM Program on page 98
*  Working with Cells, Rows, and Columns in a CEM Program on page 99

» Editing the Title Block on page 106

* Managing Views on page 107

* Variables and Constants on page 108

CEMPLE Overview

CEMPLE is an optional TriStation 1131 language editor that automates the process of creating
a program based on a cause and effect matrix. Cause and effect matrix is a methodology that is
commonly used in the process control industry to define alarms, emergency shutdown
strategies, and mitigation actions.

A matrix created in CEM language can be as basic or complex as your situation requires. In a
basic matrix, causes are identified as True or False inputs related to one or more effects through
the intersections between them. The state of a cause (True or False) determines the state of the
related effect. If more than one cause is related to an effect, the state of the effect is based on how
the matrix is evaluated. You can specify the matrix evaluation as a de-energize-to-trip (fail-safe)
or energize-to-trip system. In a typical de-energize-to-trip system, if one of the inputs changes
to False, the related outputs also change to False. In an energize-to-trip system, the reverse is
true; if one of the inputs changes to True, the related outputs also change to True.

For more complex processes, CEM language allows you to add functions or function blocks to
causes, intersections, and effects. This feature can be used for many purposes; for example, to
accept non-Boolean input and convert to Boolean output, to set timers before evaluating the
input, and to pass additional input variables to output variables.

CEM language includes these features:

* Ability to specify up to 99 causes, 99 effects, and 1,000 intersections

* Ability to invoke functions and function blocks to evaluate cause, intersection, and
effect states

* Choice of de-energize-to-trip or energize-to-trip matrix evaluation
* Automatic conversion of matrix to Function Block Diagram language
* Customized view monitoring of active causes, intersections, and effects

e Multiple levels of undo and redo editing
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Matrix Planning

Planning includes determining the causes (problems) to be monitored, and determining how
the matrix is to be evaluated.

Restrictions and Limitations
e No more than 99 causes, 99 effects, and 1,000 intersections.

* Variables with a variable type of In/Out (VAR_IN_OUT) are not allowed in CEM
programs, function blocks that are invoked by matrix programs, or any safety program
or function block.

Matrix Evaluation Options

When planning a matrix, you must determine how the matrix is evaluated when it includes multiple
causes and effects. If the matrix is based on an energize-to-trip system, such as a fire suppression
system, an OR evaluation is typically used because the normal state of inputs is False. If one of the
inputs changes to True, the related outputs also change to True. The default setting is OR.

If the matrix is based on a de-energize-to-trip (fail-safe) system, an AND evaluation is typically
used because the normal state of inputs is True. If one of the inputs changes to False, the related
outputs also change to False. This is why it is typically used with systems that are designed to
be fail-safe.

How a Matrix is Evaluated

When a matrix is executed, the states of causes, effects, and intersections are evaluated in a
specific order. The states of causes, intersections, and effects are saved in internal variables. An
internal Move function moves the cause state to the intersection state, and then to the effect
state. The order of evaluation is shown and described in this figure.

3. For each column from the left to the right, an effect state
is determined based on the intersection state and the —‘
function associated with the effect.

oR | gr | gRi=

2. For each intersection from

the bottom to the top, a state is
determined based on the cause
state and intersection function.

For typical AND evaluations, all
cause states must be True for
the intersection state to be True
and one False state makes the
output False.

For typical OR evaluations, all
cause states must be False for
the intersection state to be
False and one True state makes
the output True.

E ffect

Description

1. For each cause from the top Cause Description El EJE EEJS
row to the bottom, a state is oo
determined based on the

inputs and function associated _— Co2
with the cause. LI

P w e
L=}

Ll

Figure 9 CEMPLE Matrix Evaluation Steps
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Using the CEM Editor

The CEM editor allows you to create a TriStation 1131 program based on a cause and effect

matrix. The editor includes the following areas:

e Matrix: Identifies causes, effects, and the intersections between them. Can also include
inputs, outputs, functions, and function blocks related to causes, effects, and
intersections.

* FBD Network: Displays the Function Block Diagram (FBD) related to the cause, effect,
or intersection that you select in a matrix. It also allows you to specify properties and to
invert the values of variables.

* Variable Detail Table: Displays the inputs and outputs of an FBD network that are
generated when a cause, effect, or intersection is selected. It also allows you to specify

variable type and data type.

This figure depicts the areas in the CEM Editor.

—— Matrix rows and columns
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o
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UMIT_1_ALAR

UMIT_2_ALAR
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@5
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LEVEL_1_HI = | TRUE=Fluid level in tank 1 is high col | ¥ O ] ] [] |Turn on alarm immedistely
LEVEL_2_HI TRUE=Fluid level in tank 2 is high coz| [ b4 ] ] [] |Turn on alarm immedistely
LEVEL_3_HI TRUE=Fuid level in tank 3 is high co3| [ ] ¥ ] [] |Turn on alarm immedistely
LEVEL_4_HI TRUE=Fluid level in tank 4 is high co4| [ ] ] b4 [] |Turn on alarm immedistely
LEVEL_S_HI TRUE=Fluid level in tank 5 is high cos| [ ] ] O ¥ |Turn on alarm immedistely

< i
Loc Terminal VariConst VarType | DataType Description | Cause Header Raw 01 ;I
o1 P1_LEVEL 1 H  |Tagrame Ref BOGL -

Figure 10

Variable Detail Table

CEMPLE Editor Elements

TriStation 1131 Developer’s Guide, v4.1

FBD Network ___|




Cause Effect Matrix Development 91

Matrix

The matrix area of the CEM editor includes the rows, columns, and intersections of a matrix. In
a basic matrix that does not use functions, causes can be directly related to effects through
intersections. In a more complex matrix, such as this figure, functions can be included for
causes, effects, and intersections. When functions are included, the inputs and outputs of those
functions can be specified in the matrix.

or | or| or|
b=
— [=3
=
o
cC
=
o
cC
=
. [Ty
Effect items—

i Intersections
w
S
Cause items E
G
(5]
L]
| =

It Function Cause Description E01 | EO2 | EQ: Comments
* Z01
Znz2
cos

Figure 11 CEMPLE Matrix Elements

FBD Network

The FBD Network area of the CEM editor displays the Function Block Diagram (FBD) related to
the cause, effect, or intersection that you select in the matrix. The FBD network uses internal
Boolean variables to save and move results to associated cells so that causes and effects can be
evaluated. When you create a cause, intersection, or effect, an internal variable is automatically
created for each.

The CEM editor uses internal variables to store and move results between cells. Although you
cannot directly access the internal variables, you can create variables and copy the values to
those variables. You can also specify properties and invert values of variables.

If you select a cause, effect, or intersection that does not contain a function, or if you make
multiple selections, the FBD network cannot display appropriate information.
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Figure 12 FBD Network Area in CEMPLE Editor

Variable Detail Table

The Variable Detail Table area of the CEM editor displays the inputs and outputs of an FBD
Network that are generated when a cause, effect, or intersection is selected. This figure shows
the names, variable types, and data types related to the function block.

Loc | Terminal Var/Const VarType DataType Description
onj| HI_LE% LEWEL_1_HI Tagname Refe [BOOL
onj| Loy LB |LEWEL 1 Loy Tagname Refe [BOOL
iy B%F EYP_LE%_1 Tagname Refe |[BOOL
onj| LY LALRRM

Figure 13 Variable Detail Table in CEMPLE Editor
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Setting up a CEM Program
The following sections describe how to set default options that apply to CEM programs.
Specifying CEM Editor Options

This procedure explains how to set the options used as initial settings for all the CEM (cause and
effect matrix) programs in a project. After a program is created, you can modify these settings
on a program-by-program basis.
Procedure

1 On the Tools menu, click TriStation 1131 Options, and then click the CEM Editor tab.

—

TriStation 1131 Options

CEM Editor Options

Directories  CEM Editar l Drawing Colors] FED EditDll LD Editorl

[™ Cause Header Functions OM by Default
[ Effect Header Functions OM by Defalt

[~ Intersection Functions OM by D efault

=

X

Default Murnber of Cauze Rows:

Default Murnber of Effect Colunins:

2
=

o]

Cancel | Help

2 Specify these properties on the CEM Editor tab.

Property

Action

Cause Header Functions On
by Default

Effect Header Functions On
by Default

Intersection Functions On by
Default

Default Number of Cause
Rows

Default Number of Effect
Columns

Select the check box to have input and function columns
added. The default is cleared.

Select the check box to have output and function columns
added. The default is cleared.

Select the check box to have function columns added. The
default is cleared.

Enter the number of rows to include in a new matrix. The
default is 22.

Enter the number of columns to include in a new matrix.
The default is 25.

3 Click OK to save the settings.
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Specifying CEM Element Options

This procedure explains how to specify whether functions are used in a specific CEM program,
and how the matrix is evaluated.

Procedure
1 Expand the Application tree, double-click a program, click the Document menu, and
then click Options.
CEM Element Options ﬁ|

Feature Options

[ Enable Cause Header Functions
[ Enable Effect Header Functions

[ Enable Intersection Functions

[ Enable Flaating Test in |ntersection Cells

E waluation Dptions

Tao evaluate the effect state OR the intersections
[bwpically uzed for energized to tip systems]

To evaluate the effect state AND the intersections
[bwpically uzed for de-energized to trip systemns]

k. | Cancel Help

2 Specify these properties in the CEM Element Options dialog box.

Property Action

Enable Cause Header Select the check box to add an input and function column to the
Functions cause header. The default is selected.

Enable Effect Header Select the check box to add an output and function column to the
Functions effect header. The default is selected.

Enable Intersection Select the check box to add a function column to the intersection.
Functions The default is selected.

Enable Floating Textin ~ Select the check box to allow the name of the function or function

Intersection Cells block to be displayed in a neighboring cell if that cell is empty.
This is useful when the name of the function or function block is
long. The default is cleared.

Evaluation Options Specify how the matrix is to be evaluated when it includes
multiple intersections between a cause and effect. The default is
OR.

3 Click OK to save the settings.
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Specifying Monitor Colors and Names

This procedure explains how to specify the colors that are displayed for True and False BOOL
values when an application is monitored on the Controller and Emulator Panels.

Procedure

1 On the Project menu, click Project Options, and then click the Monitor Colors tab.

=

Project Options [‘S_<|

Language] Arnotations  Monitor Colors l

General Monitor Colors:

BOOL Variables and wies: || ~ - -

CEM Monitor Colors

TRUE FALSE
Causes: ’i‘ I—LI
Effects: - - -
Intersections: - - z
’Tl Cancel | Help |

2 Under CEM Monitor Colors, select the color for True and False for cause, effect, and
intersection cells in a CEM (cause and effect matrix).

The default for True is red; False is white.

3 Click OK to save your changes.
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Using User-Defined Functions and Application-Defined States

This section describes how user-defined functions and application-defined states can be used in
a CEM program.

User-Defined Functions

User-defined functions must be enabled before they can be used in a CEM program. (Triconex-
supplied functions and function blocks do not have to be enabled.) When you enable a function,
it is validated to ensure it can be used in that part of the matrix. For example, a function used in
an intersection must have a Boolean primary input and Boolean primary output. If not enabled,
the function is not available for selection.

Application States

User-defined functions can include a variable that stores application states and that is evaluated
in the same way as the cause, intersection, and effect internal variables. This means you can
include application information that is evaluated with an AND or OR operation when the
matrix is run. Application state inputs and outputs must be a DWORD data type, which is a
32-bit string.

This figure shows an example of using a variable to store the application state.

Cause Header Raow 01

For the cause function
block, the second
output is the
application state.

Intersection Row 01, Col 01

For the intersection Ty
functi?jn block, tge _CO1EDMF
second input an

output of the function INTERSECT_FB
is the application state. Cause

Effect Header Col 01

For the effect function EOQ1F1
block, the second —
input and output of the

function is the
application state.

Figure 14 Using a Variable to Store Application State
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Enabling User-Defined Functions and Application-Defined States

This procedure explains how to enable user-defined functions and application-defined states
for a specific matrix. If a user-defined function is not enabled, it cannot be used in a matrix.

Procedure

1 Expand the Application tree, right-click the user-defined function, click Properties, and

then click the Attributes tab.

Document Properties

Surnrmary Attributes l Ugagel

Application Type
. ™ Contral

Cauze Effect Matrix Support

[ Supports use in cause rows with

[ Supports use in intersections

[~ Supports application defined states

M anitoring:

(% Safety & Contral
Functionz may be used for contral or safety & control.

[ Supports use in effect columns with ,G outputs

Only applies to programs wiitten in FED, LD or CEM.

n

3

,G inputs

o]

Cancel |

Help |

2 Specify these properties on the Attributes tab.

Property

Action

Application Type

Supports Use in Cause Rows
with... Inputs

Supports Use in Effect
Columns With... Outputs

Supports Use in Intersections

Supports Application Defined
States

Click either Control or Safety and Control.

Select the check box to enable the function for use in cause
rows, and then select the required number of inputs. The
default is cleared.

Select the check box to enable the function for use in effect
columns, and then select the required number of outputs.
The default is cleared.

Select the check box to enable the function for use in
intersections. The default is cleared.

Select the check box to enable the function to add a variable
to store the application defined state. The default is cleared.

3 Click OK to save the settings.

4 In the Application tree, double-click the function to open it on a logic sheet.

On the Document menu, click Compile.

The compile process determines whether the function can be used.
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Specifying Local Variables, Tagnames, and Constants in a CEM Program

This procedure explains how to specify local variables, tagnames, and constants in a CEM
program. When functions are used with causes or effects, the inputs and outputs to the
functions must be specified as variables or constants.

In/Out variables (VAR_IN_OUT) are not allowed in CEM programs, function blocks that are
invoked by CEM programs, or any safety program or function block.

Procedure

1 Expand the Application tree, expand User Documents, and double-click a CEM
program.

2 Select or type the name in the Input or Output columns, or in the Var/Const column in
the Variable Detail Table.

Specifying Properties in the Variable Detail Table

This procedure explains how to modify properties in the Variable Detail Table, which is located
in the lower left part of the CEM program.

Procedure

1 Expand the Application tree, and open a CEM program.

Loc | Terminal Var/Const VarType DataType Description
iyl It _2 Tagname Reference  |[BOOL -
iyl Alarm_Flag Lacal DIMT Flag to detect alarm
onj| AMD

2 Specify these properties in the Variable Detail Table.

Property Action

Var/Const Enter a variable or constant name.

Var Type Select Local or Tagname.

Data Type Select a data type.

Description Enter a description for the variable or constant.

If the changes are valid, the declaration is changed. If not, a message displays explaining
why the declaration was not changed.
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Working with Cells, Rows, and Columns in a CEM Program

The following sections describe how to work with the cells, rows, and columns that make up a
CEM program matrix.

Selecting and Editing Cells in a CEM Program

This table and figure explain how to select one or more cells in a CEM program.

To... Do This ...
Select a single cell Click anywhere in the cell.
Select contiguous (adjacent) cells Click the first cell, hold down the shift key, and click the

last cell in the area.

Select discontiguous (non-adjacent) cells  Click a cell, hold down the Ctrl key, and click the rows or

column.
. Click here to
Click here to select select one effect
all effects
1 |ler] or]or]
z
=]
(o]
5
iz
=3
('
o
lick h £ i
Click here Click here to
to selectall — select all
causes _ .g intersectionsina
Click here to select = ——column
all intersections \ §
Input Function Cause Description E02 | E03 E’_'l4| Commerts
Click here i ~ ot
to select co2
one cause C03
o4
1 o5

Click here to select all
intersections in a row ——

Figure 15 Selecting CEMPLE Matrix Cells

This table explains how to edit cells in a matrix.

To ... Do This ...
Enter edit mode Click directly over the text in an editable cell.
Complete a cell entry Press the tab key or Enter to complete a cell entry and move the cursor to

the next cell to the right.
Move to the next cell Press the tab key or Enter to move the cursor to the next cell to the right.

Delete the contents of a  Select a cell or group of cells (but do not place in edit mode) and press the
cell or group of cells delete key.
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Displaying and Sizing Cells from the Matrix

This table describes how to change the display and size of cells in a matrix. You can also make
changes by using commands on the View menu. These actions do not affect the matrix

evaluation.

To drag or double-click a cell

boundary, you must use the double-arrow cursor, which is only

active in the gray cells of a matrix.

To ...

Do This ...

Change width of column

Restore size of column

Change height of row

Restore default size of row

Hide a column

Unhide a column

Hide a row

Unhide a row

Drag the column boundary left or right.

Drag the column boundary to the left so that the column is almost
hidden, then release the button.

Drag the row boundary up or down.

Drag the row boundary upward until the row is almost hidden, then
release the button.

Drag the column boundary to the left until it meets the nearest
boundary.

For an effect column, double-click the thickened column boundary.

For a cause column, double-click the boundary between the currently
displayed columns and the hidden column.

Drag the row boundary upward until it meets the nearest boundary.

Double-click the thickened row boundary.

Inserting Columns

This procedure explains how

to insert columns in a CEM program.

Procedure
1 Expand the Application tree, opena CEM program, (i X
and do either of these: '
e (Click the Insert Columns button | ﬁl on the Humber of col.mns to insert
Before ¢ Column: |EOT =
toolbar At
¢ (lick the Edit menu, and then click Insert I Make visible on all managed views
Columns

2 Enter the number of columns to insert.

3 Select the column and

QK | Cancel | Help |

click Before or After to specify where the column is to be inserted.

4 If you do not want the column to be displayed, clear the Make visible on all managed

views check box.

5 Click OK. The new column is inserted in the location you specified.
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Inserting Rows

This procedure explains how to insert rows in a CEM program.

Procedure

1 Expand the Application tree, open a CEM program,
and do either of these:

e (lick the Insert Rows button on the toolbar

¢ (lick the Edit menu, and then click Insert Rows
Enter the number of rows to insert.

Select the row and click Before or After to specify
where the row is to be inserted.

4 If you do not want the column to be displayed, clear

the Make visible on all managed views check box.

[ B
Insert Rows Into Matrix

X)

Murnber of rows toinzert:
i
BT e Fow: |COT =

After

¥ Make vizible on all managed views

0k | Cancel Help

5 Click OK. The new row is inserted in the location you specified.

Deleting Columns

This procedure explains how to delete columns in a CEM program. Column numbers are

identified at the top of the column as shown in this figure.

Column numbers are EO1 EO0Z EOQ3 EO4
located here. o x D D |:|
coz [ | X | O | O
cos) [ | O | X | [
cod) [ | O | OO X
cos) [ | OO0 | OO O

Figure 16 CEMPLE Matrix Column Numbers

Procedure

1 Expand the Application tree, open a CEM program,
and do either of these:

¢ (lick the Delete Columns button E on the
toolbar

¢ (lick the Edit menu, and then click Delete
Columns

2 Enter the number of columns to delete and the
starting column number.

" i

Delete Columns From Matrix g|

Mumber of columns to delete:
Delete columns from column: [EOT =

QK | Cancel | Help |

The selected column (E01 in this example), and the x columns to the right of the selected
column will be deleted, where x is the number of columns to delete.

3 Confirm your selections, and then click OK. The selected columns are deleted.
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Deleting Rows

This procedure explains how to delete rows in a CEM program. Row numbers are identified to
the left of the row as shown in this figure.

EO1 EO2 EO0Z E04

cot| X O 0 O

coz) [ | X | 0| [

Row numbers are o3| [ ] p 4 L]
located here. cod| [ 0 ] %
cos) [ ) 00 | 00 | [

Figure 17  CEMPLE Matrix Row Numbers

Procedure

1 Expand the Application tree, open a CEM program, § ) )
and do either of these: dalete o Lrom Matrix &

* C(lick the Delete Rows button @ on the toolbar Murber of roms o delete

¢ (lick the Edit menu, and then click Delete Rows Delete iows fromrow:.~~ |C01 >

2 Enter the number of rows to delete and the starting

row number. oK. | Cancel | Help |

The selected row (CO01 in this example), and the x
columns below the selected row will be deleted, where x is the number of rows to delete.

3 Confirm your selections, and then click OK. The selected rows are deleted.
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Sizing and Hiding Columns

This procedure explains how to size and hide columns in a CEM program.

Procedure
1 Expand the Application tree, open a CEM program, and do either of these:
* Click the Size/Hide Columns button on the toolbar

¢ (lick the View menu, and then click Size/Hide, and then Columns

i

5ize f Hide Columns

Humber of columng to adjust:
Adjust starting fram colunnn: EOT -

¢ Mew size: |25

™ Size to Content
" Restore Default Sizes
" Hide 1 Unhide

] | Cancel | Help |

2 Specify these properties in the Size/Hide Columns dialog box.

Property Action

Number of columns to Enter the number of columns you want to resize.

adjust

Adjust starting from Select the starting column.

column

New size Select and then enter the new size for the column.

Size to Content Select to automatically size the column to its content.

Restore Default Sizes Select to restore the column to the default size.

Hide or Unhide Select Hide or Unhide. If hidden, the column is not displayed,

but it is used in the matrix evaluation.

3 Click OK to save your changes.
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Sizing and Hiding Rows

This procedure explains how to size and hide rows in a CEM program.

Procedure

1 Expand the Application tree, open a CEM program, and do either of these:

* Click the Size/Hide Rows button on the toolbar

* Click the View menu, and then click Size/Hide, and then Rows

Size / Hide Rows

Murnber of raws to adjust:
Adjuzt gtarting from o Cll -

o+ Mewsize: |16

" Restore Default Sizes
" Hide 1 Unhide

k. | Cancel | Help |

X

2 Specify these properties in the Size/Hide Rows dialog box.

Property

Action

Number of rows to
adjust

Adjust starting from
row

New size
Restore Default Sizes

Hide or Unhide

Enter the number of rows you want to resize.
Select the starting row.

Select and then enter the new size for the row.
Select to restore the row to the default size.

Select Hide or Unhide. If hidden, the row is not displayed, but it is
used in the matrix evaluation.

3 Click OK to save your changes.
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Sizing and Hiding the Comment Column

This procedure explains how to size and hide the comment column in a CEM program.

Procedure

1 Expand the Application tree and open a CEM program. From the View menu, click
Size/Hide, and then Comment Column.

F

N
Size/Hide Comment Column E|

Y'ou may choose ta regtare the comment
colurn ta itz default size, specify a new size,
ar hide ar unhide the comment calumn.

* Restore Default Size

" MNew size:

" Hide © Unhide

] | Cancel | Help |

2 Specify one of these properties in the Size/Hide Comment Column dialog box.

Property Action

Restore Default Size Select to restore the comment column to its default size.

New size Select and then enter the new size for the column.

Hide or Unhide Select Hide or Unhide. If hidden, the column is not displayed.

3 Click OK to save your changes.
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Editing the Title Block

This procedure explains how to edit information in the title block, which is included when the

CEM program is printed.
Procedure
1 Expand the Application tree, open a CEM program, click the Sheets menu, and then click
Edit Sheet Title.
Edit Title Block Information X

whorkbench/Froject Infarmation

Company Info 1:

Company Info 3

|
Company Info 2 |
|
|

Froject Marne:

Element Information

Drawing Title:

Approved By

|
Drawing Humber: |
|
|

Approved D ate/Time:

Revizion: l—

Cancel Help

2 Enter text to describe the matrix.

3 Click OK to save your changes.
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Managing Views
This procedure explains how to save, load, and remove views of CEM programs.

A view is a display of a selected portion of the matrix. You can create a view by hiding or
showing columns and rows on the matrix, either by using menu commands or by dragging
columns and rows on the matrix. Saving the view allows you to load it at anytime.

Procedure
1 Expand the Application tree and open a CEM program.

2 Change the view by showing or hiding columns and rows. Use commands on the View
menu or drag columns and rows on the matrix.

3  On the View menu, click Manage Views.

Ir n

View Manager E|

Alarmkd atrix_CauzesHidden
Alarmkd atris_EffectsHidden

Load | Save | Hemove|

Festare All Defaults | Close | Cancel | Help |

4 Perform one or more of these actions in the View Manager dialog box.

Command Action

Load Select a view and click Load to have it displayed.

Save Click to save the currently displayed view.

Remove Select a view and click Remove to delete the view from the list.

Restore All Defaults Click to restore the current view to show all causes and effects.

Close Click to save your changes and close the View Manager dialog box.
Cancel Click to close the View Manager dialog box without saving your
changes.
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Variables and Constants

This section explains how to create variables and constants in FBD, LD, and CEM languages. For
information on tagnames (global variables), see Tagnames on page 115.

The maximum number of tagnhames and variables in a program is 2000.
Topics include:

* Declaring Variables on page 108

* Specifying Variable Properties on page 109

* Specifying Variable Annotation Properties on page 110
* Naming Multiple Variables on page 111

* Changing Multiple Variables on page 112

* Creating Constants on page 113

Declaring Variables

This procedure explains how to declare input, output, in/out, and local variables in FBD, LD,
and CEM languages. Variables store values and must be declared in order to be used in a
program or function.

Procedure
1 Create a variable by doing either of the following:

* On the toolbar, click the icon for the variable, and then click on the logic sheet (FBD
or LD only).

* On the program or function Declarations tree, right-click the folder for the type of
variable to be declared, and click New Declaration.

The Item Properties dialog box for the variable appears.

E.‘pl EI Declaratiun\|

Yar Type
o+ |nput
Data Type: ||N'|' j .
~
Initial‘v’alue:| " Local

Description: | Restore | Apply |
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2 Specify these properties on the Declaration tab.

Property

Action

Name

Data Type

Initial Value

Description

Var Type

Enter a name for the variable. Use only alphanumeric characters and
underscores. No symbols or spaces are allowed.

Select a data type; must be BOOL, DINT, or REAL. Required.

If the variable is dragged to a function terminal, the Data Type is
automatically set to the correct type for the function.

Specify a value to be used on the first scan. Must agree with the Data
Type.

Enter a description for the variable. (Optional)

Select the type of variable. Required.
For programs, can be Local only.

For functions, can be Input, Output, In/Out, or Local.

Specifying Variable Properties

This procedure explains how to specify properties for variables. Properties affect the selected
occurrence of the variable. For example, when you add an annotation to a variable, it affects

only the selected variable.

Procedure

1 Expand the Application tree and then open a program or function.

2 On the logic sheet, double-click the icon that represents the variable.

Item Properties @

m Variable \T.&nnntatinn W

Data Type: BOOL

Wariable Mame: |SET_PROG_ALARM |

Declaration | Auto Mame... |

b3

[ Annotate

3 Specify these properties on the Variable tab.

Property

Action

Variable Name

To change the selected variable to a different variable, select the
variable name and click Apply.

To create a new variable, enter a new name, and click Apply.

To change the name of all the variables with this name, click
Declaration and change the name of the variable.

TriStation 1131 Developer’s Guide, v4.1



110 Chapter 2 Application Development

Property Action

Data Type Displays the data type that was set on the Declaration tab.

If the variable has not been declared, the Data Type is undefined.

Width Click + or - to increase or decrease the width of the variable icon on
the logic sheet.

Annotate Select the check box to add an annotation to the variable. The
default is cleared. See Specifying Variable Annotation Properties
on page 110 for more information about annotations.

Declarations Click to view the Declaration tab for the variable. See Declaring

Command Variables on page 108 for more information.

Auto Name Command  Click to view the Automatic Naming dialog box. See Naming

Multiple Variables on page 111 for more information.

4 Click Apply to save your changes.

Specifying Variable Annotation Properties

This procedure explains how to specify text and macros to be included with an annotation.

Annotations are available only in FBD and LD programs.

Procedure
1 Expand the Application tree and then open a program or function.
2 On the logic sheet, double-click the icon that represents the variable.
3 On the Variable tab, select the Annotate check box and then click the Annotation tab.

EF' EI (Variahle T/Annnllﬁrtinnj
ht]

#PGM_LOCAL

Type annotation text here.
Y'ou may u=e macrog in
wour annotation kext. Press
the buttan below ta wiew
the available rmacroz.

Macros. .. |

4 Specify these properties on the Annotation tab.

[ lnchude monitor value in annotation

Property Action

Annotation Text Enter text or copy macros to be used in the annotation.

To copy a macro, see Using Macros with Annotations and
Comments on page 143.
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Property Action

Include Monitor Valuein  Select this check box to display the value of the variable in the
Annotation annotation when the element is run on the controller or emulator.

Available only in programs.

Macros Command Click to display the list of macros that can be added.

To copy a macro, click the macro and press Ctrl+C. Click OK to
close the Edit Macro dialog box.

To paste the macro in the Annotation tab, press Ctrl+V.

5 Close the Properties dialog box to save your changes to the Annotation tab.

Naming Multiple Variables

This procedure explains how to name multiple variables by specifying a format. Variables can
be named by row, column, and selection order. The variables must exist before they can be
named.

Procedure

1 Expand the Application tree and open a program or function logic sheet. On the logic
sheet, hold the Shift key.

To have variables named based on the selection order, click them in the order in which
you want them named.

2 On the Tools, menu, click Auto Name Selected Items.

Automatic Maming &l

A formatted name containg one of the following macros:
A Theater numbering A 2, A8, 77 etc.

%0  Mormal numbering, where the number of zeros
identifizs the width of the number for purpozes
of providing leading zeros.

Example:

P1_%A gives P1_aA P1_<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>